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Cross-Reference to Related Applications 

This appUcation claims the benefit of priority firom U.S. provisional patent appUcations serial nos. 
60/536,851, 60/536,811, 60/536,853 and 60/536,852, all of which were filed on January 14, 2004, the 
contents of all of \»^*ich are incoiporated herein by reference. 



Field of the Invention 

The invention relates to method and apparatus for inhibiting tiie growtti of Uving organisms. 



Background 

U.S. Patents Nos. 5,795,487, 5,976,386, 6,110,387, 6,132,628, 6,429,181, 6,478,972, and 
6,533,958, British Patent No. GB 1600289,, and published U.S. Patent Application No. 20030121868, 
Ihe contents of all of which are incorporated herein by reference, are beUeved to represent relevant prior 
art. 
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Summary of the Invention 

in some embodiments of the invention, there are provided methods for controlling microbial or 
biofilm growth in a medium. Common to these embodiments of the invention. Hie medium is selected 
£rom the group consisting of pulp and paper factory process water, cooling tower water, waste water, 

5 reclaimed waste water, clay slunies, starch slurries, sludge, soil, colloidal suspension, and irrigation 
water, and strongly reducing solutions, and the method comprises mixing a nitrogen-containing 
compound having at least one primary, secondary or t^aiy nitrogen atom, or a salt thereof, with a 
solution of hypochlorite oxidant to form a biocide, the molar ratio of primary, secondary and tertiary 
nitrogen atoms in the at least one compoimd to hypochlorite being at least 1:1, and applying the biocide 

10 to the medium. 



It will be appreciated that although the term '*biocide'* is used throughout the present description 
and claims, in some embodiments of the invention killing of microorganisms need not be effected in 
ord^ to achieve control of microbial growth or biofilm growth. 

15 

It will also be appreciated that in some parts of the description and claims, refercaice is made to a 
hypochlorite solution or to a solution of hypochlorite, whereas in other parts of the description and 
claims, reference is made to a hypochlorite dilution which is prepared fix>m a hypochlorite solution. 
Irrespective of the term used, in those embodiments of the invention in which hypochlorite is mixed 
20 witii a nitrogCT-containing compoimd, the concentration of the hypochlorite should not be higher than 
24,000 ppm as total chlorine inunediately prior to mixing with the nitrogen-containing compound. 

It will be appreciated that the mixing of the compound containing at least one primaiy, secondary 
or tertiaiy nitrogen atom, or salt thereof with hypochlorite will take place in solution, and that in 

25 solution the compound containing at least one primary, secondary or tertiary nitrogen atom, or the salt 
thereqi^ may be in equilibriiun with an ionized, tautomeric or other form which is different than the 
form the compound has when not in solution. It will also be appreciated that when salts of such 
compounds are used, in solution there may be equilibria involving proton exchange between the 
components of the salt thentiselves and/or between one or more components of the salt and solvent. 

30 Thus, throughout the specification and claims, when reference is made to a compound containing at 
least one primary, secondaiy or tertiaiy nitrogen atom, or a salt thereof, or to sub-groups of such a 
compound or a salt tiiereoJ^ e.g. a compound of the formula R^R^N-A-B or salt thereof, it will be 
understood that this expression is meant to encompass all protonated, de-protonated, and tautomeric 
forms of the compound or salt thereof which may exist in solution at the time of mixing with 

35 hypochlorite. 

In. some embodiments of the invention, a nitrogen-containing compound which is an amphoteric 
molecule containing at least one moiety selected from the group consisting of COOH and SO3H and at 
least one moiety selected from the group consisting of a primaiy amine moiety, a secondary amine 
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moiety, and a tertiary amine moiety is. employed. In other embodiments of the invention, an anionic 
form of such an amphoteric molecule is employed, and in some of those embodiments, the counterion is 
of the form [NHzR^Y* wherein and are defined below. 

5 It will be appreciated that when reference is made to a salt of the form V [NH2R^RY or 

Y*'[NHRVClf , and it is stated that Y is an acid, the acidity of this acid is considered in relation to Ihe 
compound NHR^"*. 

There is provided, in accordance with an embodiment of the invention, a method for controlling 
10 microbial or biofilm growth in a medium, the method comprising mixing a salt of the formula 
Y^-CNHjR^Yx and an aqueous solution of a hypochlorite oxidant to form a biocide, 

wherein 

15 Y'^* is a basic form of an acid Y that contains at least one moiety selected from the group 

consisting of a primaiy amine moiety, a secondary amine moiety, a tertiary amine moiety, 
an anude moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and an 
amineimine moiety; and 

20 [NHaR^Y is an acidic form of a base NHRV wherem: 

R andR are each independently selected from the group consisting of Hand Ci-8alkyl, 

or R and R , together with the nitrogen atom to which they are attached, form a 5- to 
25 10-member heterocyclic ring optionally substituted by one or more groups selected from 

Ci^ alkyl, C3-8 cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OCs^ cycloalkyi; and 

xis 1 to 3; 

30 and the molar ratio of [NH2R^'^]^ to hypochlorite is at least 1:1, 

and applying the biocide to the medium. 

In accordance with some variations of this embodiment of the invention, Y is selected from the 
35 group consisting of straigiht, branched and cyclic molecules containing at least one moiety selected from 
the group consisting of an amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and 
an amineimine moiety, and Y^" is a basic form of the molecule. In some variations of this embodiment 
of the invention, in Y'^" at leeist one of the at least one amide moiety, imide moiety, sulfamide moiety, 
sulfimide moiety, or amineimine moiety is ionized to the corresponding anionic form. 
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In accordance with some variations of this embodiment of the invention, Y is selected from the 
group consisting of amphoteric molecules containing at least one moiety selected from the group 
consisting of COOH and SO3H and at least one moiety selected from the group consisting of a primary 
5 amine moiety, a secondary amine moiety, and a tertiaiy amine moiety, and Y^' is an anionic form of the 
amphoteric molecule. In some variations of this embodiment of the invention, at least one of flie at 
least one COOH and SO3H is ionized to the corresponding anionic form. 

In accordance with some variations of this ^bodiment of the invention, Y*' is of the formula 
10 [R'R^-A-COOr or [R^R^N-A-SOar, wherein: 

A is a bond, straight-chain or branched Cj^ao allq^l, straight-chain or branched C2-20 alkenyl, 
straight-chain or branched C2.20 alkynyl, C3.10 cycloalkyl, straight-chain or branched C4-C20 
alkylcycloalkyl, C4.10 cycloalkenyl, C4-10 cycloalk^yl, or Ce-Cjo aryl, wherein each C1.20 alkyl, 

15 C2.20 alkenyl, C2-20 alkynyl, C3-10 cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4-10 

cycloalkynyl or Ce-Cio aiyl is optionally substituted with one or more groups selected from 
-COOH, -COH, -SCH3, -NH2, =NH, .NHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 
5-imidazolyl, 3-indolyl, halogen, -SO3H, =0, Cj^ alkyl, Cs^ cycloalkyl, C4-9 cycloa%lalkyl, 
phenyl, 4-methylphenyi, benzyl, .O-C3.8 cyclalkyl, -0-C3^ cycloalkyl, -O-C4.9 cycloalkylalkyl, 

20 -O-phenyl, -a4-methylphenyl, -O-benzyl, -S02R^ or -NHR'^ whereia R^ is H, Ci^ alkyl, phenyl, 

4-methylphenyl, benzyl or -NH2, and wherein each C1.20 alkyl, C2.20 alkenyl, C2-20 alkynyl, C3.10 
cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 t^cloalkenyl, C4.10 cycloalkynyl or Ce-Cio aiyl optionalty 
contains one to three heteroatoms selected from N, O and S; 

1 2 

25 R' and R" are each independentiy selected from the group consisting of H, straight-chain or 

branched C1.20 alkyl, straight-chain or branched C2-20 alkenyl, straight-chain or branched C2.20 
alkynyl, C3-10 cycloalkyl, straight-chain or branched C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, 
C4-10 cycloalkynyl, or Ce-Cio aiyl, wherein each Ci-20 alkyl, C2-20 alkenyl, C2.20 alkynyl, C3-10 
cycloalkyl, C4-C20 alkylcycloallgrl, C4-10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio aiyl is 

30 optionally substituted with one or more groups selected from -COOH, -COH, -SCH3, -NH2, =NH, 

-NHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 5-unidazolyl, 3-indolyl, halogen, -SO3H, 
=0, Ci^ alkyl, C3^ cycloalkyl, C4^ cycloalkylalkyl, phenyl, '4-methylphenyl, benzyl, -O-C3.8 
cyclalkyl, -O-Cs^ cycloalkyl, -O-C4.9 cycloalkylalkyl, -O-phenyl, -O-4-methylphenyl, -O-benzyl, 
-SO2R'' or -NHR^ wherein R' is H, Ci^ alkyl, phenyl, 4-methylphenyl, benzyl or -NH2, and 

35 wherein each C1.20 alkyl, C2.20 alkenyl, C2-20 alkynyl, Cs-w cycloalk/l, C4-C20 alkylcycloalkyl, 

C4.10 cycloalkenyl, C4.10 cycloalkynyl or C6-C10 aiyl optionally contains one to three heteroatoms 
selected from N, O and S; 
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or and A, together with the nitrogen atom to which they are attached, form a 5- to-lO-member 
heterocyclic ring or a S- to 1 0-member heteroaromatic ring in which the fiee electron pair of the 
nitrogen atom to which and A is attached is not part of the aromatic pi-electron system, the 5- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
5 groups selected from Ci-e all^l, cycloalkyl, halogen, hydroxy, -OCi^ aUkyl or -OCa^ 

cycloalkyl; 

or R and R , together with tiie nitrogen atom to which they are attached, form a 5- to 10-member 
hetCTOcyclic ring or a 5- to 10-member.heteroaromatic ring in which the free electron pair of tiie 
nitrogen atom to which R^ and A is attached is not part of the aromatic pi-electron system, the S- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
. groups selected from Ci^ alkyl, C3-8 cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OCs^ 
cycloalkyl. 

« 

In accordance wilh some variations of this embodiment of the invention, the concentration of the 
hypochlorite oxidant in the aqueous hypochlorite oxidant solution immediately prior to nuxing with the 
salt or mixtures of salts is not more than 24,000 ppm as total chlorine. In accordance with some 
variations of this embodiment of the invention, the concentration of the hypochlorite oxidant in the 
aqueous hypochlorite oxidant solution immediately prior to mixmg with the salt or mixtures of salts is 
not more than 12,000 ppm as total chlorine. 

In accordance with some variations of this embodiment of the invention, the salt or mixture of 
salts is in an aqueous solution at a concentration of 0.5-60% w/v immediately prior to mixing with the 
hypochlorite oxidant solution. 

In accordance with some variations of this embodiment of the invention, the mixing takes place 
in a mixing chamber into and out of which there is a continuous flow of water during the mixing. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
30 the medium substantially as the biocide is formed. In accordance with other variations of this 
embodiment of the invention, the biocide is applied to the mediimi within 30 seconds of formation of 
the biocide. In accordance with other variations of this embodiment of the invention, the biocide is 
applied to the medium within 60 seconds of formation of the biocide. In accordance with other 
variations of this embodiment of the invention, the biocide is applied to the medium within 90 seconds 
35 . of formation of the biocide. In accordance with other variations of this embodiment of the invention, 
the biocide is applied to the medium within 120'Seconds of formation .of the biocide. In accordance 
with other variations of this embodiment of the invention, the biocide is applied to the medium within 
150 seconds of formation of the biocide. In accordance with other variations of this embodiment of the 
invention, the biocide is applied to flie medium within 180 seconds of formation of the biocide. 
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« 

In accordance with some variations of this embodiment of the invention, the mixing chamber is a . 
conduit 

In accordance with other variations of this embodiment of the invention, the mixing takes place in 
a mixing chamber out of which there is not a continuous flow of water during the mixing. la 
accordance with other variations of this embodiment of the invention, biocide is applied to the medium 
substantially immediately upon completion of the mixing. In accordance with other variations of this 
embodiment of the invention, the biocide is applied to the medimn within 30 seconds of completion of 
tixe mixing. In accordance with other variations of this embodiment of the invention, the biocide is 
applied to the medium within 60 seconds of completion of the mixing. In accordance with other 
variations of this embodiment of the invention, the biocide is applied to the medium within 90 seconds 
of completion of the mixing. In accordance with other variations of this embodiment of the invention, 
the biocide is appUed to the medium within 120 seconds of completion of the mixing. In accordance 
with other variations of this embodiment of the invention, the biocide is applied to the medium within 
ISO seconds of completion of the mixing. In accordance with other variations of this embodiment of 
the invention, the biocide is applied to the medium within 1 80 seconds of completion of the mixing. 

In accordance with some variations of this embodiment of the invention, the hypochlorite oxidant 
is selected jGrom the group consisting of alkaline and alkali earth metal hypochlorites, hypochlorites 
released to water from a stable chlorine carrier and hypochlorite formed m situ from chlorine gas, and 
mixtures thereof. In accordance with some variations of this embodiment of the invention, the stable 
chlorine carrier is selected from the group consisting of trichlorocyanuric acid, 
dichlorodimethylhydantoin and monochlorodimethylhydantoin. In accordance with some variations of 
this embodiment of the invention, the hypochlorite oxidant is selected from the group consisting of 
lithium hypochlorite, sodium hypochlorite, calcium hypochlorite, magnesium hypochlorite and 
potassium hypochlorite. In accordance with some variations of this embodiment of the invention, the 
hypochlorite oxidant is sodium hypochlorite. 

In accordance with some variations of this embodiment of the invention, and R'* are both H. 
In accordance with other variations of this embodiment of the invention, one of R and R is H aad the 
other is not. In accordance with other variations of this embodiment of the invention, neither R^ nor 
isH. 

t 

In accordance with some variations of this embodiment of the invention, Y is selected from the 
group consisting of carbamic acid, sulfamic acid, glycine, glutamine, arginine, histidine, and lysine, and . 
mixture thereof. In accordance with some variations of this embodiment of the invention, Y is selected 
from the group consisting of melamine, cyanuric acid, hydantoin, dialkyl hydantoin such as dimethyl 
hydantoin, biuret, succinamide, succinimide, creatine, and creatinine, and mixtures thereof 
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In accordance with some variations of this embodiment of Hie invention, the molar ratio of 
[NH2R^^!r to the hypochlorite oxidant is 1:1- In accordance with other variations of this embodiment, 
of the invention, the molar ratio of [NHaR^RT to the hypochlorite oxidant is greater than 1:1; 

5 

In accordance with some variations of fliis embodiment of the invention, the concentration of the 
hypochlorite oxidant in the aqueous hypochlorite oxidant solution immediately prior to mixing with Ihe 
salt or mixture of salts is not more than 24,000 ppm e3q)ressed as total chlorine, and the mixing 
chamber comprises a conduit through which water flows as the hypochlorite oxidant solution and the 

10. salt or mixture of salts are mixed. In accordance with some variations of this embodiment of the 
invention, the concentration of the hypochlorite oxidant in Hie aqueous hypochlorite oxidant solution 
immediately prior to mixing with the salt or mixture of salts is not more than 12,000. ppm as total 
chlorine... Jh. accordance with some variations of this embodiment of the invention, -the solution of 
hypochlorite oxidant is prepared m situ in the conduit prior to addition of the solution of the salt or 

15 mixture of salts to the conduit. 

In accordance with some variations of liiis embodiment of the invention, the salt or mixture of 
salts is diluted prior to mixing with the hypochlorite oxidant 

20 In accordance with some variations of this embodiment of the invention, the biocide has a pH of 

between 8.0 and 11.5 immediately prior to being applied to the medium. In accordance with some 
variations of this embodiment of the invention, the biocide has a pH of at least 8.5 immediately prior to 
being applied to the medium. In accordance with some variations of this embodiment of the invention, 
the biocide has a pH of at. least 9.0 immediately prior to being applied to the medium. In accordance 

25 with some variations of this embodiment of the invmtion, the biocide has a pH of at least 9.5 
immediately prior to being applied to the medium. In accordance with some variations of this 
embodunent of the invention, the biocide has a pH of at least 10.0 inunediately prior to being applied to 
the medium. In accordance with some variations of this embodiment of the invention, the biocide has a 
pH of at least 10.5 immediately prior to being applied to the medium. In accordance with some 

30 variations of this embodiment of the invention, the biocide has a pH of at least 1 1.0 inunediately pripr 
to being applied to the medium. In accordance with some variations of this embodiment of the 
invention, tiie biocide has a pH of no more than 1 1.5 immediately prior to bemg implied to the medium. 

In accordance with some variations of this embodiment of the invention, the medium is selected 
35 from the group consisting of pulp and paper fectoiy water, cooling tower water, waste water, reclaimed 
waste water, clay slurries, starch slurries, sludge, soil, colloidal suspensions, and irrigation water. In 
accordance with some variations of this embodiment of the invention, the medium is pulp and paper 
factory process water. In accordance with some variations of this embodiment of the invention, the 
medium is cooling tower water. In accordance with some variations of this embodiment of the 
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invention, the medium is waste water. In accordance with some variations of this embodiment of the 
invention, the medium is reclaimed waste water. In ac(X)rdance with some variations of this 
embodiment of the invention, the medium is a clay slurry. In accordance with some variations of this 
embodiment of flie invention, the medium is a starch sluny. In accordance with some variations of this 
embodiment of the invention, the medium is a sludge. In accordance with some variations of this 
embodiment of tiie invention, the medium is a colloidal suspension. In accordance with some 
variations of this embodiment of the invention, the medium is urigation water. In accordance with 
some variations of this embodiment of the invention, the medium is a medium containing strong 
reducing agents or having a high reducing capacity, viz. an ORP of not greater than 150 millivolts. 

In accordance with some variations of this embodiment of the invention, the hypochlorite oxidant 
and the salt or mixture of salts are mixed in the absence of added bronoide and the medium is 
substantially free of added bromide during application of the biocide. In accordance with some 
variations of this embodiment of the invention, bromide is not added to the medium as a component to 
supplement or mhance the biocide. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
the medium periodically with a duty cycle of less than 1:2. In accordance with some variations of this 
embodiment of the invention, the biocide is applied to the medium periodically with a duty cycle of 
between about 1:5 and 1:10. In accordance with some variations of this embodiment of the invention, 
the biocide is applied to the medium periodically with a duty cycle of less than 1:10. In accordance 
with some variations of this embodiment of the invention, the biocide is applied to the medium 
periodically with a duty cycle of less than 1:25. In accordance with some variations of this embodiment ' 
of the invention, the biocide is applied to the medium periodically with a duty cycle of less than 1:50. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
the medium at a rate to maintain in the biocide a stable pH of at least 8.0 as the biocide is produced. 

In accordance with some variations of this embodiment of the invention, the concentration of the 
biocide unmediately prior to bemg applied to the medium is from 1000 to 12,000 ppm e^qpressed as 
total chlorine. 

In accordance with some variations of this embodiment of the invention, the mediimi has a pH of 
between about 5 and about 11.5 before the biocide is applied to the medium. In accordance with some 
variations of this embodiment of the invention, the medium has a pH of between about 6 and about 10 
before the biocide is applied to the medium. In accordance with some variations of this embodiment of 
the invention, the medium has a pH of between about 7 and about 9 before the biocide is applied to the 
medium. 
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In accordance with some variations of this embodiment of the invention, the concentration of the 
biocide in the medium, upon application of the biocide to the medium, is 0.5-300 ppm expressed as 
total chlorine. In accordance with some variations of this embodiment of the invention, fte 
concentration of the biocide in the medium, upon application of the biocide to the medium, is 1-10 ppm 
e^qyressed as chlorine. 

In accordance with some variations of this embodiment of the invention, the biocide is effective 
within 24 hours of application to the medium. In accordance with some variations of this embodiment 
of the invention, the biocide is effective within 1 hour of application to the medium. In accordance 
with some variations of this embodiment of the invention, the biocide is effective witiiin 20 minutes of 
application to the medium. In accordance with some variations of this embodiment of the invention, 
the biocide is effective within 15 minutes of application to the medium. 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 50% within 3 hours after administration. In accordance with 
some variations of this ^bodiment of the invention, the biocide is capable of reducing microbial 
activity by at least 50% within 1 horn- after administration. In accordance with some variations of this 
embodiment of the invention, the biocide is capable of reducing microbial activity by at least 50% 
within 30 minutes after administration. In the context of these variations of this embodiment of the 
invention, reduction in microbial activity may be correlated to an increase in operational efficiency of 
the system being treated. For example, in a paper machine, a reduction in microbial activity will result 
in improved runnability of the paper machine. In some contexts, reduced microbial activity can be 
correlated to decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
embodiment of the invention, after the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. In accordance with some variations of this embodiment 
of the invention, the reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, the reduction of microbial activity is measured on 
site. 

« 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 75% within 3 hours after administration. In accordance with 
some variations of this embodiment of the invention, flie biocide is capable of reducing microbial 
activity by at least 75% within 1 hour after administration. In accordance with some variations of this 
embodiment of the invention, tiie biocide is capable of reducing microbial activity by at least 75% 
within 30 minutes after administration. In the context of these variations of this embodiment of the 
invention, reduction in microbial activity may be correlated to an increase in operational efficiency of 
the system being treated. For example, in a paper machine, a reduction ia microbial activity will result 
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in improved ruimability of the paper machine. In some contexts, reduced microbial activity can be 
correlated to decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of lius embodiment of the invention, after tiie recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
5 embodiment of tiie invention, after the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. In accordance with some variations of this embodiment 
of the invention, the reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, the reduction of microbial activity is measured on 
site. 

10 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 90% within 3 hours after administration. In accordance with 
some variations of this embodiment of the invention, the biocide is capable of -reducing mictobial 
activity by at least 90% within 1 hour after administration. In accordance with some variations of this 

15 embodiment of the invention, the biocide is capable of reducing microbial activity by at least 90% 
witiiin 30 minutes after administration. Iq the context of these variations of this embodiment of tiie 
invention, reduction in microbial activity may be correlated to an increase in operational eflBciency of 
the system being treated. For example, in a paper machine, a reduction in microbial activity will result 
in improved runnability of the paper machine. In some contexts, reduced microbial activity can be 

20 correlated to decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
embodiment of the invention, after the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. In accordance with some variations of this embodiment 

25 of the invention, the reduction of microbial activity is measured in a test sample. In accordance with . 
some variations of this embodiment of the invention, the reduction of microbial activity is measured on 
site. 



In accordance witii some variations of this embodiment of the invention, the biocide is capable of 
30 killing at least 50% of the microorganisms in a liquid test sample within 3 hours after administration. 
In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 50% of the microorganisms in a liquid test sample within 1 hour after administration. In 
accordance with some variations of this embodiment of the invention, the biocide is capable of killing 
at . least 50% of the microorganisms in a liquid test sample within 30 minutes after administration. In 
35 accordance witii some variations of this embodbnent of the invention, after the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance vrtth some 
variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, that is too low to be measured. 
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In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 75% of the microorganisms in a liquid test sample within 3 hours after administration. 



killing at I^st 75% of the microorganisms in a liquid test sample within 1 hour aft^ administration. In 
5 accordance with some variations of this embodiment of the invention, tiie biocide is capable of killing 
at least 75% of flie microorganisms in a liquid test sample within 30 minutes after administration, in 
accordance with some variatioios of this embodiment of the invention, afier the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some 
variations of this embodiment of the invention, after the recited time period there is a residual of 
10 biocide, expressed as total chlorine, that is too low to be measured. 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 90% of the microorganisms in a liquid test sample within 3 hours after administration. 
In accordance with some variations of this embodiment of the invention, the biocide is capable of 

15 killing at least 90% of tibie microorganisms in a liquid test sample within 1 hour after administration. In 
accordance v^dth some variations of this embodiment of the invention, the biocide is capable of killing 
at least 90% of the microorganisms in a liquid test sample within 30 minutes after administration. In 
accordance with some variations of this embodiment of the invention, after the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance widi some 

20 variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, that is too low to be measured. 

There is also provided, in accordance with an embodiment of the invention, apparatus for 
applymg a biocide to a medium, comprising: 



In accordance with some variations of this embodiment of the invention, the biocide is capable of 



25 



a salt-containing reservoir containing a salt of the formula Y^'[NH2R^R^]^x> or a mixture of such 
salts, wherein 



30 




[NHzR^RY is an acidic form of a base NHR^^ 



wherein: 



35 



R^andK* are each indepmdently selected from the group consisting of H and Ci^ alkyl. 
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or and together with Ihe nitrogen atom to which tibiey are attached, form a 5- to 
10-member heterocyclic ring optionally substituted by one or more groups selected from 
Ci^ alkyl, Cs^ cycloalkyl, halogen, hydroxy, -OCi-6 alkyl or -OCs^ cyoloalkyl; and 

5 and x is 1 to 3; 

a source of hypochlorite oxidant dilution having a concentration of not more than 24,000 ppm 
expressed as total chlorine, 

10 and a mixing chamber operable to mix tiie dilution and Ihe. salt or mixture of salts in a molar ratio 

of [NH2R^Y to hypochlorite of at least 1:1, to produce tiie biocide in the mixing chamber. 

In-some- variations of this embodiment of the invention, the source of hypochlorite oxidant - 
dilution has a concentration of not more than 12,000 ppm as total chlorine. 

15 

In some variations of this CTsbodiment of the invention, Y is selected from the group consisting 
of strai^t, branched and cyclic molecules containing at least one moiety selected from the group 
consisting of an amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and an 
amineimine moiety, and Y^" is basic form of the molecule. In some variations of this embodiment of 
20 the invention, at least one of the at least one amide moiety, imide moiety, sulfamide moiety, sulfimide 
moiety, or amineimine moiety is ionized to the corresponding anionic form. 

In some variations of this embodiment of the invention, Y is an amphoteric molecule containing 
at least one moiety selected from the group consisting of COOH and SO3H and at least one moiety 
25 selected from the group consisting of a primary amine moiety, a secondary amine moiety, and a tertiary 
amine moiety, and Y*" is an anionic form of the amphoteric molecule. In some variations of this 
embodiment of the invention, at least one of the at least one COOH and SO3H is ionized to the 
corresponding anionic form. 

30 ■ In accordance with some variations of this embodiment of the invention, the salt or mixture of 

salts is present in the salt-containing reservoir as an aqueous solution. 

In accordance with some variations of this embodiment o^ the invention, the source of 
hypochlorite oxidant dilution comprises a hypochlorite-containing reservoir containing a hypochlorite 
35 oxidant solution, and a diluter operable to dilute the hypochlorite oxidant solution to produce the 
hypochlorite oxidant dilution having a concentration of not more than 24,000 ppm expressed as total 
chlorine. In accordance with some variations of this embodiment of the invention, the diluter is 
operable to dilute the hypochlorite oxidant solution to produce the hypochlorite oxidant dilution having 
a concentration of not more than 12,000 ppm as total chlorine. In accordance with some variations of 



wo 2dOS/uo73»u PCT/IL2005/000039 

13 

this embodiment of the invejation, the dilixter and the mixing chamber are a single conduit which is 
adapted to dilute the hypochlorite oxidant prior to mixing with the salt or mixture of salts. 

In accordance with some variations of this embodiment of the invention, the apparatus further 
5 comprising an egress adapted to enable application of tiie biocide from tiie mixing chamber to the 
medium. 

* 

There is also provided, in accordance with an embodiment of the invention, a salt of the formula 
Y*-[NHR^R*Cl]^x, wherein 

10 

Y^' is a basic form of an acid Y that contains at least one moiety selected from the group 
consisting of a primary amine moiety, a secondary amine moiety, a tertiary amine moiety, an 
amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and an amineimine 
moiety; and 

15 

[NHR^R^Cl]"^ is an acidic form of a base NHR^K* wherem: 

R" and R' are each independently selected from the group consisting of H and Ci^ alkyl, 

3 4 

20 or R and R , together with the nitrogen atom to which they are attached, form a 5- to 1 D-member 

heterocyclic ring optionally substituted by one or more groups selected from Ci^ alkyl, 
(g^cloalkyl, halogen, hydroxy, -OCj^ alkyl or -OC3-« cycloalkyl; and 

X is 1 to 3. 

25 

In accordance with some variations of this embodiment of the invention, Y is selected from the 
group consisting of straight, branched and cyclic molecules containing at least one moiety selected from 
the group consisting of an amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and 
an amineimine moiety, and Y^' is basic form of the molecule. In accordance with some variations of 
30 this embodiment of the invention, at least one of the at least one amide moiety, inude moiety, sulfamide 
moiety, sulfimide moiety, or amineimine moiety is ionized to the corresponding anionic form. 

In accordance with some variations of this embodiment of the invention, Y is selected from the 
group consisting of amphoteric molecules containing at least one moiety selected from the groiq) 
35 cpnsisting of a primaiy amine moiety, a secondary amine moiety, and a tertiary amine moiety, and at 
least one moiety selected from tihie group consisting of COOH and SO3H, and Y*" is an anionic form of 
the amphoteric molecule. In accordance wifli some variations of this embodiment of the invention, at • 
least one of the at least one COOH and SO3H is ionized to the corresponding anionic form. 
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In accordance with some variations of this embodiment of the invention, Y*" is of the formula 
[R^R^-A-COO]''' or [R^R^-A-SOar, wherein: 

A is a bond, straight-cham or branched C1.20 alkyl, straight-chain or branched C2-20 alkenyl, 
straight-chain or branched C2-20 alkynyl, C3.10 cycloalkyl, strai^t-chain or branched C4-C20 
alkylcycloalkyl, €4.10 cycloalkenyl, C4.10 cycloalkynyl, or Ce-Cio aiyl, wherein each C1.20 alkyl, 
C2-20 alkenyl, C2.20 alkynyl, C3-10 cycloalkyl, C4-C20 alkylcycloalkyl, C4-10 cycloalkenyl, C4.10 
cycloalkynyl or Ce-Cio aiyl is optionally substituted with one or more groups selected from 
-COOH, -COH, -SCH3, -NH2, =NH, -NHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 
5-imidazolyl, 3-indolyl, halogen, -SO3H, =0, Ci-g alkyl, C3-8 cycloalkyl, C4.9 cycloalkylalkyl, 
phenyl, 4-mefhylphenyl, benzyl, -O-C3-8 cyclalkyl, -O-Ca^ cycloalkyl, -0-C4^ cycloalkylallg^l, 
-O-phenyl, -O-4-methylphenyl, -O-benzyl, -SOaR^ or -NHR^ wherein R^ is H, Ci^ alkyl, phenyl, 
4-methylphenyl, .ben^Lor -NH2, and wherein eacb-Ci.2o allQ^l, C2.20 alkenyl, C2-20 alkynyl, Cs^io 
cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 cycloalkynyl or Cs-Cio aiyl optionally 
contains one to three heteroatoms selected from N, O and S; 

B} and R^ are each independently selected from the group consisting of straight-chain or 
branched C1.20 alkyl, strai^t-chain or branched C2.20 alkenyl, straight-chain or branched C2-20 
alkynyl, C3-10 cycloalkyl, straight-chain or branched C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, 
C4-10 cycloalkynyl, or Ce-Cio axyl, wherein each C1.20 alkyl, C2-20 alkenyl, C2-20 alkynyl, C3.10 
cycloalkyl, C4TC20 alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio aiyl is 
optionally substituted with one or more groups selected from -COOH, -COH, -SCH3, -NH2, =NH, 
-NHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 5-miidazolyl, 3-mdolyl, halogen, -SO3H, 
=0, Ci^ alkyl, cycloall^l, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, ben2yl, -O-Cs^ 
cyclalkyl, -O-Ca^ cycloalkyl, -0-C4^ cycloalkylalkyl, -O-phenyl, -O-4-methylphenyl, -O-benzyl, 
-S02R^ or -NHR^ wherein R^ is H, Ci^ alkyl, phenyl, 4-methylphenyl, benzyl or -NH2, and 
wherein each C1.20 alkyl, C2.20 alkenyl, C2.20 alkynyl, C3.10 cycloalkyl, C4-C20 alkylcycloalkyl, 
04-10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio axyl optionally contains one to tbree heteroatoms 
selected from N, O and S; 

or R^ and A, together with the nitrogen atom to which they are attached, form a S- to 10-member 
het^ocyclic ring or a 5- to 10-member heteroaromatic ring in which the free electron pair of the 
nitrogen atom to which R* and A is attached is not part of the aromatic pi-electron system, the 5- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected from Ci-6 alkyl, C3-8 cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OC3-8 
cycloalkyl; 

or R^ and R^ together with die nitrogen atom to which they are attached, form a 5- to 10-member 
heterocyclic ring or a 5- to 10-member heteroaromatic ring in which the free electron pair of the 
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nitrogen atom to which and A is attached is not part of the aromatic pi-electron system, the 5- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected jfrom Ci^ alkyl, C^^ cycloalkyl, halogen, hydroxy, -OCi.6 alkyl or -OCs^ 
cycloalkyl. 

In accordance with some variations of this embodiment of the invention, Y is selected from the 
group consisting of carbamic acid,-sulfemic acid, glycine, glutamine, arginine, histidine, and lysine. 

* ■ 

In accordance with some variations of this embodiment of the invention, Y is selected from tihie 
group consisting of melamine, cyanuric acid, hydantoin, dialkyl hydantoin, biuret, succinamide, 
succinimide, creatine, and creatinine. 

. There is. also provided, in accordance with an embodiment of the invention, a molecular species 
selected from the group consisting of compounds of the formulae [R^R^Cl-A-COO] and 
[R^R^Cl-A-SOa] and ions of the formulae [R^NCl-A-COO]' and [R^NC1-A-S03]', and tautomers 
thereof, wherein A, and R^ are as defined above. 

In accordance with some variations of this embodiment of the invention, the molecular species is 
an N-chlorocarbamate or an N-chlorosulfamate. 

There is also provided, in accordance with another embodiment of the invention, a method for 
controlling microbial or biofihn growth in a medium, the method comprising mixing 

a nitrogen-containing compound or mixture of such compoimds selected from the group 
consisting of: 

salts of the formula Y'^ Z'^x/a, wherein x and Y"" are as defined above, and Z:*^ is a cation 
other than a cation of the form [NH2R^R'^]^ as defined above wherein n is a whole number 
greater than zero; and 

amphoteric molecules Q containing at least one moiety selected from the group consisting 
of COOH and SO3H and at least one moiety selected from the group consisting of a 
primaiy amine moiety, a secondary amine moiety, and a tertiary amine moiety; 

and an aqueous solution of a hypochlorite oxidant to form a biocide, 

wherein the molar ratio of nitrogen atoms in the nitrogen-containing compound to the 
hypochlorite is at least 1:1, 
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In accordance wMi some variations of this embodiment of the invention, Y is selected from the 
group consisting of straight, branched and cyclic molecules containing at least one moiety selected from 
the group consisting of an amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and 
an amineimine moiety, and is a basic form of the molecule. In some variations of this embodiment 
of the invention, in Y*" at least one of the at least one amide moiety, imide moiety, sulfamide moiety, 
sulfimide moiety, or amineimine moiety is ionized to the corresponding anionic form. 

In accordance with some variations of this embodiment of the invention, Y is selected from the 

9 

group consisting of amphoteric molecules containing at least one moiety selected from the group 
consisting of COOH and SO3H and at least one moiety selected from the group consisting of a primary 
amine moiety, a secondary amine moiety, and a tertiary amine moiety, and Y^' is an anionic form of the 
amphoteric molecule. In some variations of this embodiment of the invention, at least one of the at 
least one COOH and SO3H is ionized to the corresponding anionic form. 

In accordance witii some variations of this embodiment of the invention, Y^~ is of the formula 
[R^R^N-A-COOr or [R^R^-A-SOa]''', wherem: 

A is a bond, straight-chain or branched C1.20 alkyl, straight-chain or branched C2-20 alkenyl, 
stmight-chain or branched C2-20 alkynyl, C3-10 cycloallg^l, straight-chain or branched C4-C20 
alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 cycloalkynyl, or Ce-Cio aryl, wherein each C1.20 alkyl, 
C2.20 alkenyl, C2-20 alkynyl, C3.10 cycloaUg^l, C4-C20 . alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 
c^cloalkynyl or Ce-Cio aiyl is optionally substituted with one or more groups selected from 
-COOH, -COH, -SCH3, -NH2, =NH, -NHC(=NH)NH2, -C(=0)1SIH2, -OH, 4-hydroxyphenyl, 
5-imidazolyl, 3-indolyl, halogen, -SO3H, =0, Ci-g allq^l, C3-8 cycloalkyl, C4.9 cycloalkylalkyl, 
phenyl, 4-methylphenyl, benzyl, -O-Cs^ cyclalkyl, -O-Cs^ cycloalkyl, -O-C4-9 cycloalkylalkyl, 
-0-phenyl, -O-4-methylphenyl, -O-benzyl, -S02R^ or -NHR*^ wherein R"^ is H, Ci-8 alkyl, phenyl, 
4-methylphenyl, benzyl or -NH2, and wherein each Ci-20 alkyl, C2-20 alkenyl, C2.20 alkynyl, C3.10 
cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4-10 cycloalkynyl or Ce-Ci© aiyl optionally 
contains one to three heteroatoms selected from N, O and S; 

R^ and R'^ are each independently selected from the group consisting of H, straight-chain or 
branched Ci_2o alkyl, straight-chain or branched C2-20 alkenyl, straight-chain or branched C2-20 
alkynyl, C3.10 cycloalkyl, straigjht-chain or branched C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, 
C4.10 cycloalkynyl, or Ce-Cio aryl, wherein each C1.20 alkyl, C2-20 alkenyl, C2-20 alkynyl, C3-10 
cycloalkyl, C4-C20 alkylcycloalkyl, C4-10 cycloalkenyl, C4.10 cycloalkynyl or Cs-Cio aryl is- 
optionally substituted with one or more groups selected from -COOH, -COH, -SCH3, -NH2, =NH, 
-NHC(=1SIH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 5-imidazolyl, 3-mdolyl, halogen, -SO3H, 
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=0, Ci^ allQ^l, C3-8 cycloallQAl, C4J9 cycloalkylalkyl, phenyl, 4-methylphenyl, ben2yl, -O-Cs^ 
cyclalkyl, -O-Ca^ cycloalkyl, -O-C4-9 cycloaJkylalkyl, -O-phenyl, -O-4-metiiylplienyl, -0-ben2yl, 
-SOaR^ or -NHR^ wherein is H, Ci-s allQ^l, phenyl, 4-methylphenyl, benzyl or and 
wherein each Ci-20 alkyl, C2-20 alkenyl, C2-20 alkynyl, C3-10 cycloalkyl, C4-C20 allq^lcycloaBcyl, 
5 C4.10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio aryl optionally contains one to Ihree heteroatoms 

selected from N, O and S; 

or R and A, together with the nitrogen atom to which they are attached, form a 5- to 10-member 
heterocyclic ring or a 5- to lO-mCTOiber het^oaroxnatic ring in which the free electron pair of the 
10 nitrogen atom to whidi B} and A is attached is not part of the aromatic pi-electron system, the 5- 

to 10-member het^ocyclic or heteroaromatic ring being optional]^ substituted by one or more 
groups selected from Ci-6 alkyl, €3^ cycloalfcyl, halogen, hydroxy, -OCi^ alkyl or -OCs^ 
cycloallg^l; 

15 or R* and R^, together with the nitrogen atom to which they are attached, form a 5- to 10-member 

heterocyclic ring or a 5- to 10-member heteroaromatic ring in which the fiiee electron pair of the 
nitrogen atom to which R* and A is attached is not part of the aromatic pi-«lectron system, the 5- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected from Ci^ alkyl, Cs^ cycloalkyl, halogen, hydroxy, -OCi-6 aJkyl or -OCs^ 

20 cycloalkyl. 

In accordance with some variations of tins embodiment of tiie invention, Q is of the formula 
R^R^N-A^OOH or R^R^N-A-SOsH, wherem: 

25 A is a bond, straight-chain or branched Ci.2o alkyl, straight-chain or branched C2-20 alkenyl, 

straight-chain or branched C2-20 alkynyl, C3-10 cycloalkyl, straight-chain or branched C4-C20 
alkylcycloalkyl, C4.10 cycloalkenyl, C4-10 cycloalkynyl, or Ce-Cio aiyl, wherein each C1.20 alkyl, 
C2.20 alkenyl, C2-20 alkynyl, C3.10 cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 
cycloalkynyl or Ce-Cio aiyl is optionally substituted with one or more groups selected fit)m 

30 -COOH, -COH, -SCH3, -MH2, HNH, -NHC(=NH)NH2, -C(-0)NH2, -OH, 4-hydroxyphenyl, 

S-hnidazolyl, 3-indolyl, halogen, -SO3H, =0, Ci^ alkyl, C3-8 cycloalkyl, C4-9 cycloalkylallcyl, 
phenyl, 4-methylphenyl, benzyl, -O-Cs^ cyclaUg^I, -O-Cs^ cycloallq^l, -O-C4-9 cycloalkylalkyl, 
-O-phenyl, -O-4-methylphenyl, -O-benzyl, -SO2R'' or -WrSSJ wherein R'' b H, Ci^ alkyl, phenyl, 
4-methylphenyl, benzyl or -NH2, and wherein each Ci-20 alkyl, C2.20 alkenyl, C2-20 alkynyl, C3.10 

35 cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 cycloalkynyl or CVCjo aiyl optionally 

contains one to tiiree heteroatoms selected from N, O and S; 

m 

and R^ are each independently selected from the group consisting of HI, straight-chain or 
branched C1.20 alkyl, straight-chain or branched C2-20 alkenyl, straight-chain or branched C2-20 
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all^aiyl, C3.10 (^cloalkyl, straight-chain or branched C4-C20 alkylcycloalkyl, C4_jo cycloalkenyl, 
Ciwo cycloalkynyl, or Ce-Cio aiyl, wherein each C1.20 alkyl, C2.20 alkenyl, C2.20 alkynyl, C3.10 
cycloalkyl, C4-C20 alkylcycloalkyl, C4-10 cycloalkenyl, C4.J0 cyycloallgaiyl or Ce-Cio aryl is 
optionally substituted with one or more groups selected from -COOH, -COH, -SCH3, -NH2, =NH, 
5 -NHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, S-imidazolyl, 3-indolyl, halogen, -SO3H, 

=0, Ci-8 alkyl, Ca^ cycloalkyl, C4.9 cycloalkylallg^l, phenyl, 4-methylphenyl, benzyl, -O-Ca^ 
cyclalkyl, -O-Cs^ crycloalkyl, -O-C4.9 cycloallQ'lalkyl, -O-phenyl, -O-4-methylphenyl, «0-ben2yl, 
-SO2R' or -NHR^ wherein is H, Ci^ alkyl, phenyl, 4-methylphenyl, benzyl or -NH2, and 
wherein each Ci-20 alkyl, C2.20 alkenyl, C2.20 alkynyl, C3.10 cycloalkyl, C4-C20 alkylcycloalkyl, 
10 C4.10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio aiyl optionally contains one to three heteroatoms 

selected from N, O and S; 

or and A, together with the nitrogen atom to which they are attached, form a 5- to 1 0-member 
heterocyclic ring or a 5- to 10-member heteroaromatic ring in which the fi^e electron pair of the 
15 nitrogen atom to which R^ and A is attached is not part of the aromatic pi-electron system, the 5- 

to 10-member heterocyclic or heta'oaromatic ring being optionally substituted by one or more 
groups selected from Ci^ alkyl, Cs^ cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OC3.8 
cycloalkyl; 

20 or E} and R^, together with the nitrogen atom to which they are attached, form a 5- to 1 0-member 

heterocyclic ring or a 5- to 10-member heteroaromatic ring in which the free electron pair of the 
nitrogen atom to which R^ and A is attached is not part of the aromatic pi-electron system, the 5- 
to 10-memb^ heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected from Ci^ alkyl, C3-8 cycloalkyl, halogen, hydroxy, -OCi-6 alkyl or -OC3-8 

25 cycloalkyl; 

or a salt thereof. 

In accordance with some variations of this embodimmt of the invention, the nitrogen-containing 
30 compound is salt of creatinine, cyanuric acid, melamine, or dialkylhydantoin. 

In accordance with some variations of this embodiment of the invention, the concentration of the 
hypochlorite oxidant in the aqueous hypochlorite oxidant solution immediately prior to mixing with the 
nitrogen-containing compound is not more than 24,000 ppm as total chlorine. Tn accordance with some 
35 variations of this ^bodiment of the invention, the concentration of the hypochlorite oxidant in the 
aqueous hypochlorite oxidant solution immediately prior to mixing with the nitrogen-coritaining 
compound is not more than 12,000 ppm as total chlorine. 

« 
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In accordance with some variations of this embodiment of the invention, the nitrogen-containing 
compound or mixture thereof is in an aqueous solution at a concentration of 0.5-60% w/v prior to 
mixing with the hypochlorite oxidant solution. 



In accordance with some variations of this embodiment of the invention, the mixing takes place 
in a mixing chamber into and out of which tiiere is a continuous flow of water during the mixing. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
the medium substantially as the biocide is formed. In accordance with other variations of this 
embodiment of the invention,'1fae biocide is applied to the medium within 30 seconds of formation of 
the biocide. In accordance with other variations of this embodiment of the invention, the biocide is 
^plied to the medium within 60 seconds of formation of the biocide. In accordance wdth other 
variations of this embodiment of the invention^ the biocide is applied to the medium within 90 seconds < 
of formation of the biocide. In accordance with other variations of this embodiment of the invention, 
the biocide is applied to the medium within 120 seconds of formation of the biocide. In accordance 
witii other variations of this embodiment of the invention, the biocide is applied to the medium within 
ISO seconds of formation of the biocide. In accordance with other variations of this ^bodiment of the 
invention, the biocide is applied to the medium within 180 seconds of formation of the biocide. 

In accordance with some variations of this embodunent of the invention, the mixing chamber is a 
conduit. 

In accordance with other variations of this embodiment of the invention, the mixing takes place in 
a mixing chamber out of which there is not a continuous flow of water during the mixing. In 
accordance with other variations of this embodiment of the invention, biocide is applied to the medium 
substantially inunediately upon completion of the mixing. In accordance with other variations of this 
embodiment of the invention, the biocide is applied to the medixmi within 30 seconds of completion of 
the mixuig. In accordance with other variations of this embodiment of the invention, the biocide is 
applied to the medium v^dthin 60 seconds of completion of the mixing. In accordance with other 
variations of this embodiment of the invention, the biocide is applied to the medium within 90 seconds 
of completion of the mixing. In accordance with other variations of this embodiment of the invention, 
the biocide is applied to the medium within 120 seconds of completion of the mixing. In accordance 
with other variations of this embodiment of the invention, the biocide is applied to the medium within 
150 seconds of completion of the mixing. In accordance with other variations of this embodiment of 
the invention, the biocide is applied to the medium within 180 seconds of completion of the mixing. 

In accordance witii some variations of this embodiment of the invention, the hypochlorite oxidant 
is selected from the group consisting of alkaline and alkali earth metal hypochlorites, hypochlorite 
released to water from a stable chlorine carrier and hypochlorite formed in situ from chlorine gas, and 
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mixtures thereof. In accordance with some variations of this embodiment of the invention, the stable 
chlorine carrier is selected from the group consisting of trichlorocyanuric acid, 
dichlorodimethylhydantoin and monochlorodimethylhydantoin. In accordance with some variations of 
tiiis embodiment of the invention, the hypochlorite oxidant is selected' from the group consisting of 
5 lithium hypochlorite, sodium hypochlorite, calciiun hypochlorite, magnesium hypochlorite and 
potassium hypochlorite. In accordance with some variations of this embodimmt of ihe invention, the 
hypochlorite oxidant is sodimn hypochlorite. 

In accordance with some variations of this embodiment of the invention, the nitrogen-containing 
10 compound is selected from the group consisting of carbamic acid, sulfamic acid, glycine, glutaroine, 
arguiine, histidine, lysine, and mixtures thereof. 

- In accordance with some variations of this embodiment of the invention, Y is. selected from, the 
group consisting of carbamic acid, sulfamic acid, glycine, glutamine, arginine, histidine, and lysine. 

In accordance with some variations of this embodiment of the invention, the molar ratio of 
nitrogen atoms in the nitrogen-containing compound or mixture thereof to the hypochlorite oxidant is 
1:1. In accordance with some variations of this embodiment of Ihe invention, the molar ratio of Ihe 
nitrogen-containing compound to the hypochlorite oxidant is 1:1. In accordance with some variations 
20 of this embodiment of the invention, the molar ratio of nitrogen atonos in the nitrogen-containing 
compound or mixture thereof to the hypochlorite oxidant is greater than 1:1. In accordance witii other 
variations of this embodiment of the invention, the molar ratio of the nitrogen-containing compound to 
the hypochlorite oxidant is greater than 1:1, 

25 In accordance with some variations of this embodiment of the invention, the concentration of the 

hypochlorite oxidant in liie aqueous hypochlorite oxidant solution prior to mixing with the 
nitrogen-containing compound is not more than 24,000 ppm as total chlorine, and the mixing chamber 
comprises a conduit through which water flows as the hypochlorite oxidant solution and the 
nitrogen-containing compound are mixed. In accordance with some variations of this embodiment of 

30 the invention, the concentration of tiie hypochlorite oxidant in the aqueous hypochlorite oxidant 
solution immediately prior to mixuig with the nitrogen-containing compound is not more than 12,000 
ppm as total chlorine. In accordance with some variations of this embodiment of the invention, the 
solution of hypochlorite oxidant is prepared in situ in the conduit prior to addition of the solution of the 
nitrogen-containing compound to the conduit 

35 

In accordance with some variations of this embodunent of the invention, the nitrogen-containing 
compound is diluted prior to mixing with the hypochlorite oxidant. 
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In accordance with some variations of liiis embodiment of the invention, the biocide has a pH of 
between 8.0 and 11.5 immediately prior to being applied to the medium. In accordance with some 
variations of this embodiment of the invention, the biocide has a pH of at least 8.5 immediately prior to 
being applied to the medima. In accordance with some variations of this embodiment of the invention, 
the biocide has a pH of at least 9.0 immediately prior to bemg applied to the medium. In accordance 
with some variations of this embodiment of the invention, the biocide has a pH of at least 9.5 
immediately prior to being applied to the medium. In accordance with some variations of this 
embodunent of the invention, the biocide has a pH of at least 10.0 immediately prior to being applied to 
the medium. In accordance with some variations of this embodiment of Ihe invention, the biocide has a 
pH of at least 10.5 immediately prior to being applied to the medium. In accordance with some 
variations of tiiis embodiment of the mvention, the biocide has a pH of at least 11.0 immediately prior 
to being applied to the medium. In accordance with some variations of this embodiment of the 
invention, the biocide has a pH of no more than 1 1 .5 immediately prior to being applied to the medium. 

In accordance with some variations of this embodiment of the invention, the medium is selected 
jfrom the group consisting of pulp and p^er factory water, cooling tower water, waste water, reclaimed 
waste water, clay slurries, starch slurries, sludge, soil, colloidal suspension, and irrigation water. In 
accordance with some variations of this embodiment of the invention, the medium is pulp and paper 
factory process water. In accordance with some variations of this embodiment of the .invention, the 
medium is cooling tow^ water. In accordance with some variations of this embodiment of the 
invention, the medium is waste water. In accordance with some variations of this embodiment of the 
invention, Ihe medium is reclaimed waste water. In accordance with some variations of this 
embodiment of the invention, Ihe medium is a clay slurry. In accordance with some variations of this 
embodiment of the invention, the medium is a starch slurry. In accc»rdance witii some variations of ttiis 
embodiment of the invention, the medium is a sludge. In accordance with some variations of this 
embodiment of the invention, the medium is soil. In accordance with some variations of this 
' embodiment of the invention, the medium is a colloidal suspension. In accordance with some variations 
of this embodiment of the invention, the medium is irrigation water. In accordance with some 
variations of this embodiment of the invention, the medium is a medium containing strong reducing 
agents or having a high reducing capacity, viz. an ORP of not greater than 150 millivolts. 

In accordance with some variations of this embodiment of the invention, the hypochlorite oxidant 
and the nitrogen-containing compound are mixed in the absence of added bromide and the medium is 
substantially free of added bromide during application of the biocide. In accordance with some 
variations of this embodiment of the invention, bromide is not added to the medium as a component to 
supplement or enhance the biocide. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
the medium periodically with a duly cycle of less than 1:2. In accordance with some variations of this 
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embodiment of the invention, the biocide is applied to the medium periodically with a duty cycle of 
between about 1:5 and 1:10. In accordance with some variations of this embodiment of Ihe invention, 
the biocide is applied to liie medium p^odicaUy with a duty cycle of less than 1:10. In accordance 
with some variations of this embodiment of the invention, the biocide is applied to the medium 
periodically with a duty cycle of less than 1 :25. In accordance with some variations of this embodiment 
of the invention, the biocide is applied to the medium periodically with a duty cycle of less than 1 :50. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
the medium at a rate to maintain in the biocide a stable pH of at least 8.0 as the biocide is produced. 

In accordance with some variations of this embodiment of the invration, the concentration of the 
biocide immediately prior to being applied to the mediimi is 'Scorn 1000 to 12,000 ppm expressed as 
total chlorine. 

In accordance witii some variations of this embodiment of the invention, the medium has a pH of 
between about 5 and about 1 1.5 before the biocide is applied to the medium. In accordance with some 
variations of this embodunent of the invention, the medium has a pH of between about 6 and about 10 
before the biocide is applied to the medium. In accordance with some variations of this embodiment of 
•the invention, the medium has a pH of between about 7 and about 9 before the biocide is applied to the 
medium. 

In accordance with some variations of this embodiment of the invention, the concratration of the 
biocide in the medium, upon application of the biocide to the medium, is 0.5-300 ppm expressed as 
chlorine. In accordance with some variations of this embodiment of the invention, the concentration of 
the biocide in the medium, upon explication of the biocide to the medium, is 1-10 ppm expressed as 
chlorine. 

In accordance with some variations of this embodiment of the invention, the biocide is effective 
within 24 hours of application to the mediiun. In accordance with some variations of this embodiment 
of the mvention, the biocide is effective within 1 hour of application to the medium. In accordance 
with some variations of this embodiment of the invention, the biocide is effective within 20 minutes of 
application to the medium. In accordance with some variations of this embodiment of the invention, 
the biocide is efifective within 15 minutes of application to the mediimi. 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 50% within 3 hours after administration. In accordance with 
some variations of this embodiment of the invention, the biocide is capable of reducing microbial 
activity by at least 50% within 1 hour after administration. In accordance with some variations of this 
embodiment of the invention, the biocide is capable of reducing microbial activity by at least 50% 
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jvithin 30 minutes after administratioii. In the context of these variations of this embodiment of the 
invention, reduction in microbial activity may be correlated to an increase in operational efficiency of 
the syst^n being treated. For example, in a paper machine, a reduction in microbial activity will result 
in improved runnability of the paper machine. In some contexts, reduced microbial activity can be 
5 correlated tp decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
embodiment of the invention, after the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. lii accordance with some variations of this embodiment 
10 of the invention, the reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, the reduction of microbial activity is measured on 
site. 

In accordance vsdth some variations of this embodiment of the invention, the biocide is capable of 

15 reducing microbial activity by at least 75% within 3 hours after administration. In accordance with 
some variations of this embodiment of the invention, the biocide is capable of reducing microbial 
activity by at least 75% within 1 hour after administration. In accordance with some variations of this 
embodiment of the invention, the biocide is capable of reducing microbial activity by at least 75% 
within 30 minutes after administration. In the context of these variations of this embodiment of the 

20 invention, reduction in microbial activity may be correlated to an increase in operational ejBQciency of 
the system being treated. For example, in a paper machine, a reduction in microbial activity will result 
in improved runnability of the paper . machine. In some contexts, reduced microbial activity can be 
correlated to decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of this ^bodiment of the invention, after the recited time period there is a residual of 

25 . biocide, expressed as total xihlorine, of at least 0.5 ppm. In accordance with some variations of this 
embodiment of the invention, after the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. In accordance with some variations of this embodiment 
of the invention, llie reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, the reduction of nucrobial activity is measiu-ed on 

30 site. 



In accordance with some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 90% within 3 hours after admmistration. In accordance with 
some variations of this embodiment of the invention, the biocide is capable of reducing microbial 
activity by at least 90% within 1 hour after administration. In accordance with some variations of this 
embodiinent of tiie invention, the biocide is capable of reducing microbial activity by at least 90% 
within 30 minutes after administration. In tiie context of these variations of this embodiment of the 
invention, reduction in microbial activity may be correlated to an increase in operational efficiency of 
the system being treated. For example, in a paper machine, a reduction in microbial activity will result 
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in improved runnabilily of the paper machine. In some contexts, reduced microbial activity can be 
correlated to decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of this embodiment of die invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
5 embodiment of the invention, after the recited time period there is a residual of biocide, e^ressed as 
total chlorine, that is too lov^ to be measured. In accordance with some variations of this embodiment 
of the invention, the reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, the reduction of microbial activity is measured on 
site. 

10 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 50% of the microorganisms in a liquid test sample vsdthin 3 hours after administration. 
In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 50% of the microorganisms in a liquid test sample within 1 hour after administration. In 

15 accordance with some variations of this embodiment of the invention, the biocide is capable of killing 
at least 50% of the microorganisms in a liquid test sample within 30 minutes aft^ administration. In 
accordance with some variations of this embodiment of the invention, after the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some 
variations of this embodiment of the invention, after the recited time period there is a residual of 

20 biocide, expressed as total chlorine, that is too low to be measured. 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 75% of the microorganisms in a liquid test sample within 3 hours after administration. 
In accordance with some variations of this embodiment of the invention, the biocide is. capable of 

25 killing at least 75% of the microorganisms in a liquid test sample within 1 hour after administration. In 
accordance with some variations of this embodiment of the invention, the biocide is capable of killing 
at least 75% of the microorganisms in a liquid test sample within 30 minutes after admiaistration. In 
accordance wi& some variations of this embodiment of the invention, after the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some 

30 variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, esq^ressed as total chlorine, that is too low to be measured. 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 90% of the microorganisms in a liquid test sample within 3 hours after administration. 
35 In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 90% of the microorganisms in a liquid test sample within 1 hour after administration. In 
accordance with some variations of this embodiment of the invention, the biocide is capable of killing 
at least 90% of the microorganisms in a liquid test sample within 30 minutes after administration. In 
accordance with some variations of this embodiment of the invention, after the recited time period there 
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is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some 
variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, that is too low to be measm^d. 

In accordance with some variations of Ihis embodiment of the invention, the medium is present in 
a system from which a portion of the mediimi is discharged and replaced during the regular course of 
operation of the system. In accordance with some variations of this embodiment of the invention, the 
portion of the medium which is discharged and replaced during the regular course of operation of the 
system is continuously discharged and replaced during the regular course of operation of the system. In 
accordance with some variations of this embodiment of the invention, the portion of the medium which 
is discharged and replaced during the regular course of operation of the system is discharged and 
replaced at least once every 24 hours during the regular course of operation of the system. 

There is also provided, in accordance with an embodiment of the invention, an apparatus for 
applying a biocide to a medium, comprising: 

a nitrogen-containing compound reservoir containing a nitrogen-containing compound or 
mixture thereof iselected from the group consisting of: 

salts of the formula Y^'ZT^jj^^ wherein x and Y*" are as defined above, is a cation other 
than a cation of the form [NH2R^K*]^ as defined above, and n is a whole number greater 
than zero; and 

amphoteric molecules Q containing at least one moiety selected from the group consisting 
of COOH and SO3H and at least one moiety selected from the group consisting of a 
primary amine moiety, a secondary amine moiety, and a tertiary amine moiety; 

a source of hypochlorite oxidant dilution having a concentration of between not more than 
24,000 ppm as total chlorine, 

and a mixing chamber operable to mix the dilution and the nitrogen-containing compound or 
mixture thereof in a molar ratio of nitrogen atoms in the nitrogen-containing compound to the 
hypochlorite of at least 1 : 1, to produce the biocide in the mixing chamber. 

In some variations of this embodiment of the invention, the source of hypochlorite oxidant 
dilution has a concentration of not more Aan 12,000 ppm as total chlorine. 

In some variations of this embodiment of the invention, Y is selected from the group consisting 
of straight, branched and cyclic molecules containing at least one moiety selected from the group 
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consisting of an amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and an 
amineimine moiety, and Y*' is basic form of the molecule. In some variations of this embodiment of 
the invention, at least one of the at least one amide moiety, imide moiety, sulfamide moiety, sulfimide 
moiety, or amineunine moiety is ionized to the corresponding anionic form. 

5 

In some variations of this embodiment of the invention, Y is an amphoteric molecule containing 
at least one moiety selected from the group consisting of COOH and SO3H and at least one moiety 
selected from the group consisting of a primaiy amine moiety, a secondary amine moiety, and a tertiary 
amine moiety, and Y*" is an anionic form of the amphoteric molecule. In some variations of this 
10 embodiment of the invention, at least one of the at least one COOH and SO3H is ionized to the 
corresponding anionic form. 

In some variations of this, embodiment of the invention, Q is an amphoteric molecule containing 
at least one moiety selected from the group consisting of COOH and SO3H and at least one moiety 
15 selected from the group consisting of a primaiy amine moiety, a secondary amine moiety, and a tertiary 
amine moiety, and Y*" is an anionic form of the amphoteric molecule. 

In accordance with some variations of this embodiment of the invention, the source of 
hypochlorite oxidant dilution comprises a hypochlorite-containing reservoir containing a hypochlorite 

20 oxidant solution, and a diluter operable to dilute the hypochlorite oxidant solution to produce the 
hypochlorite oxidant dilution having a concentration of not more than 24,000 ppm expressed as total 
chlorine. In accordance with some variations of this embodiment of the invention, the diluter is 
operable to dilute the hypochlorite oxidant solution to produce the hypochlorite oxidant dilution havmg 
a concentration of not more than 12,000 ppm as total chlorine. In accordance with some variations of 

25 this embodiment of the invention, the diluter and the nuxing chamber are a single conduit which is 
adapted to dilute the hypochlorite oxidant prior to mixing with the salt or mixture of salts. 

In accordance with some variations of this embodiment of the invention, the nitrogen-containing 
compound is present in nitrogen-compound containing reservoir as an aqueous solution. 

30 

In accordance with some variations of this embodiment of the invention, the molar ratio of 
nitrogen atoms in the nitrogen-containing compound or mixture thereof to the hypochlorite oxidant is 
1:1, In accordance with some variations of this embodiment of the mvention, the molar ratio of the 

« 

nitrogen-containing compoimd to the hypochlorite oxidant is 1:1. In accordance with some variations 
35 of this embodiment of the invention, the molar ratio of nitrogen atoms in the nitrogen-containing 
compound or mixture thereof to the hypochlorite oxidant is greater than 1:1. In accordance with other 
variations of this embodiment of the invention, the molar ratio of the nitrogen-containing compound to 
the hypochlorite oxidant is greater than 1:1. 
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In accordance with some variations of this embodiment of the invention, the apparatus further 
comprising an egress adapted to enable application of the biocide from the m i xin g chamber to the 
medium. 

There is also provided, in accordance with an embodiment of the invention, a method for 
controlling microbial or biofilm growth in a medium, the method comprising mixing a 
nitrogen-containing compound, a bromide and an aqueous solution of a hypochlorite oxidant to form a 
biocide, 

the nitrogen-containing compound being selected from the group consisting of salts of the 
formula Y^'pSIHaR^K*]'*^*, salts of the formula Y^'Z^^ and molecules Y per se, wherein 

Z and n are as defined above,. 

Y*' is a basic form of an acid Y that contains at least one moiety selected from the group 
consisting of a primary amine moiety, a secondary amine moiety, a tertiary amine moiety, 
an amide moiety, an imide moiety, a sul&mide moiety, a sulfimide moiety, and an 
amineimine moiety; and 

[NHzR^RY is an acidic form of a base NHR^R^ wherein: 

and R"* are each independently selected from the group consisting of H and Ci^ alkyl, 

or R^ and K*, together with the nitrogen atom to which they are attached, form a 5- to 
10-member heterocyclic ring optionally substituted by one or more groups selected from 
Ci^ alkyl, cycloalkyl, halogen, hydroxy, -OCi-6 alkyl or -OC3-8 cycloallq^l; and 

X is 1 to 3; 

and the molar ratio of nitrogen atoms in the nitrogen-containing compound to hypochlorite 
is at least 1:1, 

and applying the biocide to the medium. 

In accordance wilh some variations of this embodiment of fte invention, Y is selected from the 
group consisting of straight, branched and cyclic molecules containing at least one moiety selected from 
the group consisting of an amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and 
an amineimine moiety, and Y*" is a basic form of the molecule. In some variations of this embodiment 
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of tbe invention, in V^' at least one of the at least one amide moiety, imide moiety, sulfamide moiety, 
sulfimide moiety, or amineimine moiety is ionized to the corresponding anionic form- 
In accordance wilh some variations of this embodiment of the invention, Y is selected from the 
ffoop consisting of amphoteric molecules containing at least one moiety selected from the groiq> 
consisting of COOH and SO3H and at least one moiety selected from the group consisting of a primary 
amine moiety, a secondary amine moiety, and a tertiary amine moiety, and Y*' is an anionic form of the 
amphoteric molecule. In some variations of this embodiment of the invention, at least one of the at 
least one COOH and SO3H is ionized to the corresponding anionic form. 

In accordance with some variations of this embodiment of the invention, Y^' is of the formula 
[R^R^N-A-COOr or [R^R^-A-SOar, wherein: 

A is a bond, straight-chain or branched Ci-20 alkyl, straight-chain or branched C2-20 alkenyl, 
straight-chain or branched C2-20 alkynyl, C3.10 cycloalkyl, straight-chain or branched C4-C20 
alkylcycloalkyl, C4-10 cycloalkenyl, C4-10 cycloalkynyl, or Ce-Cio aiyl, wherein each C1.20 alkyl, 
C2-20 alkenyl, C2.20 alkynyl, C3.10 cycloalkyl, C4-C20 alkylcycloalkyl, C4-10 cycloalkenyl, C4.10 
cycloalkynyl or Cg-Cio aiyl is optionally substituted with one or more groups selected from 
-COOH, -COH, -SCH3, "NHz, =NH, -NHC(=NH)NH2, -C(=0)]SIH2, -OH, 4-hydroxyphenyl, 
S-unidazolyl, 3-indolyl, halogen, rSOsH, =0, Ci-g alkyl, cycloalkyl, C4-9 cycloalkylalkyl, 
phenyl, 4-methylphenyl, benzyl, -O-Ca^ cyclalkyl, -O-C3-8 cycloalkyl, -O-C4-9 cycloalkylalkyl, 
-O-phenyl, -O-4-methylphenyl, -O-benzyl, -SO2R' or -NHR*' wherem R^ is H, C1.8 alkyl, phenyl, 
4-methylphenyl, benzyl or -NH2, and wherein each C1.20 alkyl, C2-20 alkenyl, C2-20 alkynyl, C3.10 
cycloalkyl, C4-C20 alkylcycloalkyl, C4-10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio aiyl optionally 
contains one to three heteroatoms selected from N, O and S; 

R^ and R^ are each independently selected from the group consisting of H, straight-chain or 
branched C1.20 alkyl, straight-chain or branched C2-20 alkenyl, straight-chain or branched C2.20 
aUQOiyl, C3.10 cycloalkyl, straight-chain or branched C4-C20 alkylcycloalkyl, C4-10 cycloalkenyl, 
C4.10 cycloalkynyl, or Q-Cio aiyl, wherein each C1.20 alkyl, C2.20 alkenyl, C2.20 alkynyl, C3-10 
cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4-10 cycloalkynyl or Cs-Cio aryl is 
optionally substituted with one or more groups selected from -COOH, -COH, -SCH3, -NH29 =NH, 
-1SIHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 5-imidazolyl, 3-indolyl, halogen, -SO3H, 
=0, Ci-8 allQ^l, C3^ cycloalkyl, C4.9 cycloalkylalkyl, phenyl, 4-methylphenyl, benzyl, -O-C3-8 
cyclalkyl, -O-Cs^ cycloalkyl, -O-C4.9 cycloalkylalkyl, -O-phenyl, -O-4-metitiylphenyl, -O-benzyl, 
-S02R^ or -NHR^ wherem R^ is H, Ci-s alkyl, phenyl, 4-methylphenyl, ben2yl or -NH2, and 
wherein each C1.20 alkyl, C2-20 alkenyl, C2-20 allQaiyl, C3.10 cycloalkyl, C4-C20 allylcycloalkyl, 
C4.10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio aryl optionally contains one to three heteroatoms 
selected from N, O and S; 
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or and A, together with the nitrogen atom to which they are attached, form a 5- to 10-member 
heterocyclic ring or a 5- to 10-member heteroaromatic ring in which the firee electron pair of the 
nitrogen atom to which and A is attached is not part of tiie aromatic pi-electron system, the 5- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected from Ci-6 aUg^l, C3-8 cycloalkyl, halogen, hydroxy, -OCi^ allg^l or -OC^ 
cycloall^l; 

or R* and R^, together with the nitrogen atom to which they are attached, form a 5- to 10-member 
heterocyclic ring or a 5- to 10-member heteroaronoiatic ring in which the firee electron pair of the 
nitrogen atom to which R^ and A is attached is not part of the aromatic pi-electron system, the S- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected from Ci-6 alkyl, Cs^ cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OCs^ 
cycloallgrL 

In accordance with some variations of this embodiment of the invention, Y is of the formula 
R^R^N-A-COOH or R^R^N-A-SOsH, wherein: 

A is a bond, straight-chain or branched C1.20 alkyl, straight-chain or branched C2.20 alkenyl, 
straight-chain or branched C2.20 alkynyl, C3.10 cycloalkyl, straight-chain or branched C4-C20 
alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 cycloalliynyl, or Ce-Cio aiyl, wherein each C1.20 alkyl, 
C2-20 alkenyl, C2-20 alkynyl, Cs-io cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 
cycloalkynyl or Ce-Cio aryl is optionally substituted with one or more groups selected from 
-COOH, -COH, .SCH3, -NH2, =NH, -NHC(=lsfH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 
S-imidazolyl, 3-indolyl, halogen, -SO3H, =0, Ci^ alkyl, Ca^ cycloalkyl, C4.9 cycloalkylaU^l, 
phenyl, 4-methylphenyl, benzyl, -O-Cs^ cyclalkyl, -O-Ca^ cycloallg^l, -0-C4^ cycloalkylallQ^l, 
-O-phenyl, -O-4-methylphenyl, -O-benzyl, -S02R^ or -NHR^ wherein R^ is H, Ci-g alkyl, phenyl, 
4-methylphenyl, benzyl or -NH2, and wherein each C1.20 alkyl, C2-20 alkenyl, C2-.20 alkynyl, C3-10 
cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4-10 cycloalkynyl or Cs-Cio aiyl optionally 
contains one to three heteroatoms selected from N, O and S; 

R^ and R^ are each independently selected from the group consisting of H, straight-chain or 
branched C1.20 alkyl, straight-chain .or branched C2.20 alkenyl, strai^t-chain or branched C2.20 
alkynyl, C3.10 cycloalkyl, straight-chain or branched C4-C20 alkylcycloalkyl, C4_io cycloalkenyl, 
C4-10 cycloalkynyl, or Cg-Cio aryl, wherein each C1.20 alkyl, C2-20 alkenyl, C2.20 alkynyl, C3.10 
cycloalkyl, C4-C20 alkylcycloalkyl, 64.10 cycloalkenyl, C4.10 cycloalkynyl or Ce-Cio aryl is 
optionally substituted with one or more groups selected from -COOH, -COH, -SCH3, -NH2,- — NH, 
-NHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydro3Qphenyl, 5-imidazolyl, 3-indolyl, halogen, -SO3H, 
=0, C1.8 alkyl, C3^ cycloalkyl, C4.9 cycloalkylallq^l, phenyl, 4-methylphenyl, benzyl, -O-Cs^ 
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cyclalkyl, -O-C^ cycloalkyl, -O-C4-9 cycloalkylalkyl, -O-phenyL, -O-4-methylphenyl, -O-benzyl, 
-SOaR^ or -NEIR'^ wherein is H, Ci-8 alkyl, phenyl, 4-methylphenyl, benzyl or -ISIH2, and 
wherein each Ci>20 alkyl, C2-20 alkenyl, C2-20 alkynyl, C3.10 cycloalkyl, C4-C20 alkylcycloalkyl, 
C4.10 cycloalkenyl, C4.10 qycloalkynyl or Q-Cio aryl optionaUy contains one to three heteroatoms 
selected from N, O and S; 

or R^ and A, together with the nitrogen atom to which they are attached, form a 5- to 10-member 
heterocyclic ring or a 5- to 10-member heteroaromatic ring in which the free electron pair of the 
nitrogen atom to which R^ and A is attached is not part of the aromatic pi<-electron system, the S- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected fix>m Ci^ alkyl, Ca-a cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OCs* 
cycloalkyl; 

or R^ and R^, together with the nitrogen atom to which they are attached, form a 5- to 10-member 
heterocyclic ring or a 5- to 10-member heteroaromatic ring in which the fi^e electron pair of the 
nitrogen atom to which R^ and A is attached is not part of the aromatic pi-electron system, the S- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected fix)m Ci^ alkyl, C3.8 cycloalkyl, halogen, hydrojQf, -OCi^ alkyl or -OCa^ 
cycloaBg^l. 

In some variations of this embodiment of the invention, the bromide and the nitrogen-containing 
compound are mixed to form a mixture of bromide and amine, which is diluted prior to mixing with the 
hypochlorite. In other variations on this embodiment of the invention, the bromide is diluted separately 
from Hie nitrogen-containing compound, and the bromide is diluted prior to mixing with tiie 
nitrogen-containing compound and the hypochlorite. . 

In some variations of this embodiment of the invention, the bromide is an alkaU or alkaline earth 
metal bromide salt or a mixture of alkaU or alkaline earth metal bromide salts. In some variations of 
this embodiment of the invention, the bromide is selected from the group consisting of HBr, LiBr, 
NaBr, KBr, CaBr2 and MgBr2 and mixtures thereof. In some variations of this embodiment of the 
invention, tiie bromide comprises a salt selected from the group consisting of sodium bromide and 
potassium bromide. In some variations of this embodiment of the invention, the bromide comprises or 
is NaBr. 

In some variations of this embodiment of the invention, the bromide and nitrogen-containing 
compound are present in a molar ratio of between 20:1 and 1:10. In other variations of this 
embodiment of the invention, the bromide and nitrogen-containing compound are present in a molar 
ratio of between 2: 1 and 1 :2. In some variations of this embodiment of the invention, the bromide and 
nitrogen-containing compound are present in equimolar amounts. In some variations of this 
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embodiment of the invention, the molar ratio of primaiy amine groups in Ihe nitrogen-containing 
compound to the bromide is between 1:10 and 20:1. In oihear variations of this embodiment of the 
invention, the molar ratio of primaiy amine groups in the nitrogen-containing compound to the bromide 
in is between 1:2 and 2:1. In some variations of this embodiment of the invention, the molar ratio of 
5 primaiy amine groups in the nitrogen-containing compound to the bromide is 1:1. In some variations 
of this embodiment of the invention, the total amoimt of bromide and nitrogen-containing compound 
prior to dilution is between 10 and 40% w/v. 

In accordance witii some variations of this embodiment of the invention, the concentration of the 
10 hypochlorite oxidant in the aqueous hypochlorite oxidant solution immediately prior to mixing with the 
nitrogen-containing compound is not more than 24,000 ppm as total chlorine. In accordance with some 
variations of this embodiment of the invention, the concentration of the hypochlorite oxidant in the 
aqueous hypochlorite oxidant solution immediately prior to niixing wdth the nitrogen-containing 
compound is not more than 12,000 ppm as total chlorine. 

15 

In accordance with some variations of this embodiment of the invention, the nitrogen-containing 
compoimd or mixture thereof is in an aqueous solution at a concentration of 0.5-60% w/v prior to 
mixing with the hypochlorite oxidant solution. 

20 In accordance with some variations of this embodiment of the invention, the nMxing takes place 

in a mixing chamber into and out of which there is a continuous flow of water during the mixing. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
the medium substantially as the biocide is formed. In accordance with other variations of this 

25 embodiment of the invention, the biocide is applied to the medium within 30 seconds of formation of 
the biocide. In accordance with other variations of this embodiment of the invention, the biocide is 
applied to the medium within 60 seconds of formation of the biocide. In accordance with other 
variations of this embodiment of the invention, the biocide is applied to the medium vdthin 90 seconds 
of formation of the biocide. In accordance with oQi&r variations of. this' embodiment of the invention, 

30 the biocide is applied to the medium writhin 120 seconds of formation of the biocide. In accordance 
vsdth other variations of this embodiment of the invention, the biocide is applied to the medium within 
150 seconds of formation of the biocide. In accordance with otiier variations of this embodiment of Ihe 
invention, the biocide is applied to the medium within 180 seconds of formation of the biocide. 

35 In accordance wi& some variations of this embodiment of &e invention, the mixing chamber is a 

conduit. 

In accordance with other variations of this embodiment of the invention, the mixing takes place ia 
a mixing chamber out of which there is not a continuous flow of water during the mixing. In 
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•accordance with other variations of this embodiment of the invention, biocide is applied to the mediimi 
substantially immediately upon completion of the mixing. In accordance with other variations of this 
embodiment of the invention, the biocide is applied to the medium within 30 seconds of completion of 
the mixing. In accordance with other variations of this embodiment of the invention, the biocide is 
5 applied to the medium within 60 seconds of completion of the mixing. In accordance with other 
variations of this embodiment of the invention, the biocide is applied to the medium within 90 seconds 
of completion of the mixing. In accordance with other variations of this embodiment of the invention, 
the biocide is applied to the mediimi within 120 seconds of completion of fte mixing. In accordance 
with other variations of this embodiment of the invention, the biocide is applied to the medium within 
10 150 seconds of completion of the mixing. In accordance with other variations of this embodiment of 
the invention, the biocide is applied to the medium within 180 seconds of completion of the mixing. 

In accordance with some variations of this embodiment of the invention, tiie hypochlorite oxidant . 
is selected from the group consisting of alkaline and alkali earth metal hypochlorites, hypochlorite 

15 released to water from a stable chlorine carrier and hypochlorite formed in situ from chlorine gas, and 
mixtures thereof. In accordance with some variations of this embodiment of the invention, the stable 
chlorine carrier is selected from the group consisting of trichlorocyanuric acid, 
dichlorodimetiiylhydantoin and monochlorodimethylhydantoin. In accordance with some variations of 
this embodiment of the invention, the hypochlorite oxidant is selected from the group consisting of 

20 lithium hypochlorite, sodium hypochlorite, calcium hypochlorite, magnesium hypochlorite and 
potassium hypochlorite. In accordance with some variations of this embodiment of the invention, the 
hypochlorite oxidant is sodium hypochlorite. 

In accordance with some variations of this embodiment of the invention, the nitrogen-containing 
•25 ' compound is selected from the group consisting of carbamic acid, sulfamic acid, glycine, glutamine, 
arginine, histidine, lysine, and mixtures thereof. 

In accordance with some variations of this embodiment of the invention, Y is selected from the 
group consisting of carbamic acid, sulfamic acid, glycine, glutamine, arginine, histidine, and lysine. 

30 

In accordance with some variations of this embodiment of the invention, the molar ratio of 
nitrogen atoms in the nitrogen-containing compound or mixture thereof to the hypochlorite oxidant is 
1:1. In accordance with some variations of this embodiment of the invention, the molar ratio of the 
nitrogen-containing compoimd to the hypochlorite oxidant is 1:1. In accordance with some variations 
35 of this embodiment of the invention, the molar ratio of nitrogen atoms in the nitrogen-containing 
compound or mixture thereof to the hypochlorite oxidant is greater than 1:1. In accordance with other 
variations of this embodiment of the invention, the molar ratio of the nitrogen-containing compound to 
the hypochlorite oxidant is greater than 1:1. 
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In accordance with some variations of this embodiment of the invention, liie concentration of the 
hypochlorite oxidant m the aqueous hypochlorite oxidant solution prior to mixing with the 
nitrogen-containing compound is not more than 24,000 ppm as total chlorine, and the mixing chamber 
comprises a conduit Ifarough which water flows as the hypochlorite oxidant solution and the 
nitrogen-containing compound are mixed. In accordance with some variations of this embodiment of 
the invention, the concentration of the hypochlorite oxidant in the aqueous hypochlorite oxidant 
solution immediately prior to mixing with the nitrogen-containing compound is not more than 12,000 
ppm as total chlorine. In accordance with some variations of this embodiment of the invention, the 
solution of hypochlorite oxidant is prepared in situ in the conduit prior to addition of the solution of the 
nitrogen-containing cbmpound to the conduit 

In accordance with some variations of this embodiment of the invention, the nitrogen-^containing 
compound is diluted prior to mixing with the hypochlorite oxidant .. ...... . 

Jn accordance with some variations of this embodiment of the invention, the biocide has a pH of 
between 8.0 and 11.5 inmiediately prior to being applied to the medium. In accordance with some 
variations of this embodiment of the invention, the biocide has a pH of at least 8.5 immediately prior to 
being applied to the medium. In accordance with some variations of tiiis embodiment of the invention, 
the biocide has a pH of at least 9.0 immediately prior to being applied to the medium. In accordance 
with some variations of this embodiment of the invention, the biocide has a pH of at least 9.5 
immediately prior to being applied to the medium. In accordance with some variations of this 
embodiment of the invention, the biocide has a pH of at least 10.0 immediately prior to being applied to 
.the medium. In accordance with some variations of this embodiment of the invention, the biocide has a 
pH of at least 10.5 immediately prior to being ^plied to the medium. In accordance with some 
variations of this embodiment of the invention, the biocide has a pH of at least 11.0 immediately prior 
to being applied to the medium. In accordance with some variations of this embodiment of the 
invention, the biocide has a pH of no more than 1 1.5 immediately prior to being applied to the medium. 

In accordance with some variations of this embodiment of the invention, the medium is selected 
from the group consisting of pulp and paper factory process water, cooling tower water, waste water, 
reclaimed waste water, clay slurries, starch slurries, sludge, soil, colloidal suspensions, and inigation 
water. In accordance with some variations of this embodiment of the invention, tlie medium is pulp and 
paper factory water. In accordance with some variations of this embodiment of the invention, the 
medium is cooling tower water. In accordance with some variations of this embodiment of the 
invention, the medium is waste water. In accordance with some variations of this embodiment of the 
invention, the medium is reclaimed waste water. In accordance with some variations of this 
embodiment of the invention, the medium is a clay sluny. In accordance with some variations of this 
embodiment of the invention, the medium is a starch slurry. Iji accordance with some variations of this 
embodiment of the invention, the medium is a sludge. In accordance with some variations of this 
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.embodiment of the invention, the medium is soil. In accordance with some variations of this 
embodiment of the invention, the medium is a colloidal suspension. In accordance with some variations 
of this embodiment of the invention, the medium is irrigation water. la accordance with some 
variations of this embodiment of the invention, the medium is a medium containing strong reducing 
5 agents or having a high reducing capacity, viz. an ORP of not greater than 150 millivolts. 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
the mediiun periodically with a duty cycle of less than 1:2. In accordance with some variations of this 
embodiment of the mvention, the biocide is applied to the medium periodically with a duty cycle of 
10 between about 1:5 and 1:10. In accordance with some variations of this embodiment of the invention, 
the biocide is applied to the medium periodically with a duty cycle of less than 1:10. In accordance 
with some variations of this embodiment of the invention, the biocide is applied to the medium 
periodically with a duty cycle of less than 1:25. In accordance with some variations of this embodiment 
of the invention, the biocide is applied to the medium periodically with a duty cycle of less than 1:50. 

15 

In accordance with some variations of this embodiment of the invention, the biocide is applied to 
tiie medium at a rate to maintain in the biocide a stable pH of at least 8.0 as the biocide is produced. 

In accordance with some variations of this embodiment of the invention, the concentration of the 
20 biocide immediately prior to being applied to the medium is from 1000 to 12,000 ppm expressed as 
total chlorine. 

In accordance with some variations of this embodiment of the invention, the medium has a pH of 
between about 5 and about 1 1.5 before the biocide is applied to the medium. In accordance with some 
25 variations of this embodiment of the invention, the medium has a pH of between about 6 and about 10 
before the biocide is applied to the medium. In accordance with some variations of this embodiment of 
the invention, the medium has a pH of between about 7 and about 9 before the biocide is applied to the 
medium. 

* 

30 In accordance vdth some variations of this embodiment of the invention, the concentration of the 

biocide in the medium, upon application of the biocide to the mediimi, is 0.5-300 ppm expressed as 
chlorine. In accordance with some variations of this embodiment of the invention, the concentration of 
the biocide in the medium, upon application of the biocide to the mediiun, is 1-10 ppm expressed as 
chlorine. 

35 

In accordance with some variations of this embodiment of tiie invention, the biocide is effective 
within 24 hours of application to the mediimi. In accordance with some variations of this embodiment 
of the invention, the biocide is effective within 1 hour of application to tiie medium. In accordance 
with some variations of this embodiment of the invention, the biocide is effective within 20 minutes of 
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applicadon to the medium. In accordance with some variations of this embodiment of the invention, 
the biocide is effective within 15 minutes of application to the medium. 



In accordance witti some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 50% within 3 hours after administration. In accordance with 
some variations of this embodunent of the invention, the biocide is capable of reducing microbial 
activity by at least 50% within 1 hour after administration. In accordance with some variations of this 
embodiment of the mvention, the biocide is capable of reducing microbial activity by at least 50% 
v^thin 30 minutes after admmistration. In the context of these variations of this embodiment of the 
invention, reduction in microbial activity may be correlated to an increase in op^ational efficiency of 
the system being treated. For example, in a paper machine, a reduction in microbial activity will result 
in improved nmnability of the paper machine. In some contexts, reduced microbial activity can be 
correlated to decreased production -of AIP or to decreased production of catalase. In. accordance with 
some variations of this embodiment of the inventioxi, after the recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
embodiment of the invention, afl^r the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. In accordance with some variations of this embodiment 
of the invention, the reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, the reduction of microbial activity is measured on 
site. 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 75% within 3 hours after administration. In accordance with 
some variations of this embodiment of the invention, the biocide is capable of reducing microbial 
activity by at least 75% within 1 hour after administration. In accordance with some variations of this 
embodunent of the invention, the biocide is capable of reducing microbial activity by at least 75% 
within 30 minutes after administration. In the context of these variations of this embodiment of the 
invention, reduction m microbial activity may be correlated to an increase in operational efBciency of 
the system being treated. For example, in a paper machine, a reduction in microbial activity will result 
in improved nmnability of the paper machine. In some contexts, reduced microbial activity can be 
correlated to decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
embodiment of the invention, after the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. In accordance with some variations of this embodiment 
of the invention, the reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, the reduction of microbial- activity is measured on 
site. 
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In accordance with some variations of this embodiment of the invention, the biocide is capable of 
reducing microbial activity by at least 90% within 3 hours after administration. In accordance with 
some variations of this embodiment of the invention, the biocide is capable of reducing microbial 
activity by at least 90% within 1 hour after administration. In accordance with some variations of this 

5 embodiment of the invention, the biocide is capable of reducing microbial activity by at least 90% 
wilbin 30 minutes after administration. In Hie context of these variations of this embodiment of the 
invention, reduction in microbial activity may be correlated to an increase in operational efficiency of 
the system being treated. For example, in a paper machine, a reduction in microbial activity will result 
in improved runnability of tlie pap^ machine. In some contexts, reduced microbial activity can be 

10 correlated to decreased production of ATP or to decreased production of catalase. In accordance with 
some variations of this embodiment of the invention, after the recited time period there is a residual of 
biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some variations of this 
embodiment of the invention, after the recited time period there is a residual of biocide, expressed as 
total chlorine, that is too low to be measured. In accordance with some variations of this embodiment 

15 of the invention, the reduction of microbial activity is measured in a test sample. In accordance with 
some variations of this embodiment of the invention, &e reduction of microbial activity is measured on 
site. 

In accordance with some variations of this embodiment of the invention, the biocide is capable of 
20 killing at least 50% of the microorganisms in a liquid test sample within 3 hours after administration. 
In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 50% of the microorganisms in a liquid test sample within 1 hour after administration. In 
' accordance with some variations of this embodiment of the invention, the biocide is capable of killing 
at least 50% of the microorganisms in a liquid test sample within 30 minutes after administration. In 
25 accordance with some variations of this embodiment of the invention, after the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some 
variations of this embodiment of the invention, after tihie recited time period there is a residual of 
biocide, expressed as total chlorine, that is too low to be measured. 

30 In accordance with some variations of this embodiment of the invention, the biocide is capable of 

killing at least 75% of the microorganisms in a liquid test sample within 3 hours after administration. 
In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 75% of the microorganisn:xs in a liquid test sample within 1 hour after administration. In 
accordance with some variations of this embodiment of the invention, tbe biocide is capable of killing 

35 at least 75% of tide microorganisms in a liquid test sample within 30 minutes after administration. In 
accordance with some variations of this embodiment of the invention, after the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some 
variations of this embodiment of the invention, aft^ the recited time period there is a residual of 
biocide, expressed as total chlorine, that is too low to be measured. 
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In accordance wilh some variations of tiiis embodiment of the invention, the biocide is capable of 
killing at least 90% of the microorganisms in a liquid test sample within 3 hours aft«: administration. 
In accordance with some variations of this embodiment of the invention, the biocide is capable of 
killing at least 90% of the microorganisms in a liquid test sample within 1 hour after administration. In 
accordance with some variations of this embodiment of the invention, the biocide is capable of killing 
at least 90% of the microorganisms in a liquid test sample within 30 minutes after a d m in i s tration. In 
accordance with some variations of this embodiment of the invention, after the recited time period there 
is a residual of biocide, expressed as total chlorine, of at least 0.5 ppm. In accordance with some 
variations of this embodiment of the invention, aft^ the recited time period there is a residual of 
biocide, expressed as total chlorine, that is too low to be measured. 

- In accordance with some variations of this embodiment of the invention, the medium is present in * 
a system from which a portion of the medium is discharged and replaced during the regular course of 
operation of the system. In accordance with some variations of this embodiment of the invention, the 
portion of the medium which is discharged and replaced during the regular course of operation of the 
system is continuously discharged and replaced during the regular course of operation of the system. In 
accordance with some variations of this embodiment of the invention, the portion of the medium which 
is discharged and replaced during the regular course of operation of the ^stem is discharged and 
replaced at least once every 24 hours during the regular course of operation of the system. 

There is also provided, in accordance with an embodiment of the invention, an apparatus for 
introducing a biocide into a liquid to be treated, comprising: 

a nitrogen-containing compound containing reservoir containing a nitrogen-containing compoimd 
which is selected from the group consisting of salts of the formula Y*"[NH2R R ] salts of the 
formula Y'^'Z''^^ and molecules Y per se, wherein Y, K\ R^, x, Z and n are as defined above; 

a source of hypochlorite oxidant dilution having a concentration of not more than 24,000 ppm as 
total chlorine; 

a source of bromide dilution; 

aud a mixing chamber operable to mix the hypochlorite dilution, tiie bromide dilution and the 
nitrogen-containhig compound in a molar ratio of nitrogen atoms in the nitrogen-containing 
compound to hypochlorite of at least 1 : 1, to produce the biocide in the mixing chambCT. . 

In some variations of this embodiment of the invention, the source of hypochlorite oxidant 
dilution has a concentration of not more than 12,000 ppm as total chlorine. 
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In some variadons of this embodiment of the invention, Y is selected from the group consisting 
of straight, branched and cyclic molecules containing at least one moiety selected fiom the group 
consisting of an amide moiety, an imide moiety, a sulfanude moiety, a sulfimide moiety, and an 
5 amineimine moiely, and Y*" is basic form of the molecule. In some variations of this embodiment of 
the invention, at least one of the at least one amide moiety, imide moiety, sul&mide moiety, sulfimide 
moiety, or amineimine moiety is ionized to the corresponding anionic form. 

In some variations of this embodiment of the invention, Y is an amphoteric molecule containing 
10 at least one moiety selected from the group consisting of COOH and SO3H and at least one moiety 
selected from the group consisting of a primaxy amine moiety, a secondary amine moiely, and a tertiary 
amine moiety, and Y^' is an anionic form of the amphoteric molecule. In some variations of this 
embodiment of the invention, -at least* one of the at least one COOH and SO3H. is ionized Jto the 
corresponding anionic form. 

15 

In some variations of this embodiment of the invention, Q is an amphoteric molecule containing 
at least one moiety selected from the group consisting of COOH and SO3H and at least one moiety 
selected from the group consisting of a primary amine moiety, a secondary amine moiety, and a tertiary 
amine moiety, and Y^~ is an anionic form of the amphoteric molecule. 

20 

In accordance with some variations of this embodiment of the invention, the source of 
hypochlorite oxidant dilution comprises a hypochlorite-containing reservoir containing a hypochlorite 
oxidant solution, and a diluter operable to dilute the hypochlorite oxidant solution to produce the 
hypochlorite oxidant dilution having a concentration of not more than 24,000 ppm expressed as total 
25 chlorine. Li accordance w^ith some variations of this embodiment of the invention, the diluter is 
operable to dilute the hypochlorite oxidant solution to produce the hypochlorite oxidant dilution having 
a concentration of not more than 12,000 ppm as total chlorine. In accordance with some variations of 
this embodiment of the invention, the diluter and the mixing chamber are a single conduit which is 
adapted to dilute the hypochlorite oxidant prior to mixing with the salt or mixture of salts. 

30 

In accordance vdth some variations of this embodiment of the invention, the nitrogen-containing 
compound is present in the nitrogen-compound containing reservoir as an aqueous solution. 

In accordance with some variations of this embodiment of the invention, the bromide is present in 
35 the nitrogen-containing compound containing reservoir. In accordance wdth some variations of this 
embodiment of the invention, the bromide is present in a separate reservoir. 

In accordance with some variations of this embodiment of the invention, the source of bromide 
dilution comprises a bromide-containing reservoir containing a bromide solution, and a diluter operable 
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to dilute the bromide solution to produce the bromide dilution. In accordance with some variations of 
this embodiment of the invention, the diluter which the dilutes the bromide and the diluter which dilutes 
the oxidant and the mixing chamber are a single conduit which is adapted to dilute the hypochlorite 
oxidant prior to mixing with the nitrogen-containing compound and prior to mixing with the bromide. 

In accordance witii some variations of this embodiment of thie invention, the molar ratio of 
nitrogen atoms in tide nitrogen-containing compound or mixture thereof to the hypochlorite oxidant is 
1:1. In accordance with some variations of this embodiment of the invention, the molar ratio of the 
nitrogen-containing compound to the hypochlorite oxidant is 1:1. In accordance with some variations 
of this embodiment of the invention, the molar ratio of nitrogen atoms in the nitrogen-containing 
compound or mixture thereof to the hypochlorite oxidant is greater than 1:1. In accordance with other 
variations of this embodiment of the invention, the molar ratio of the nitrogen-containing compound to 
. the hypochlorite oxidant is greater than 1:1.. 

In some variations of this embodiment of the invention, the bromide and nitrogen-containing 
compound are present in a molar ratio of between 20:1 and 1:10. In other variations of this 
embodiment of the invention, the bromide and nitrogen-containing compound are present in a molar 
ratio of between 2:1 and 1:2. In some variations of this embodiment of the invention, the bromide and 
nitrogen-containing compound are present in equimolar amounts. In some variations of this 
embodiment of the invention, the molar ratio of primary amine groups in Ihe nitrogen-containing 
compound to the bromide is between 1:10 and 20:1. In other variations of this embodiment of the 
invention, the molar ratio of primary amine groups in the nitrogen-containing compound to the bromide 
in is between 1:2 and 2:1. In some variations of this embodiment of the invention, the molar ratio of 
primary amine groups in the nitrogen-containing compound to the bromide is 1:1. In some variations 
of this embodiment of the invention, the total amount of bromide and nitrogen-containing compound 
prior to dilution is between 10 and 40% w/v. 

In accordance with some variations of this embodiment of the invention, the system further 
comprises an egress adapted to enable introduction of the biocide from the mixing vessel into the liquid 
to be treated. 

Brief Description of the Drawings 

Embodiments of the invention are more particularly described witili respect to a number of 
examples set forfli below, and also with respect to the accompanying drawings wherein: 

FIG. 1 depicts an apparatus constructed and operative to enable the practice of embodiments of the 
present invention; and 
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-FIG. 2 depicts another apparatus constructed and operative to enable the practice of embodiments of the 
present invention. 

The apparatus illustrated in FIG. 1 produces a biocide fliat is introduced into or applied to a 
5 medium 3, such as water, at one or more locations 2. In some embodiments of the invention, the 
biocide is formed by Tnlvi'ng a hypochlorite oxidant and a salt of a nitrogen-containing compoimd that 
contains at least one moiety selected from the group consisting of a primary amine moiety, a secondary 
amine moiety, a tertiary amine moiety, an amide moiety, an imide moiety, a sulfanwde moiety, a 
sulfimide moiety, and an amineimine moiety, or a mixture of such salts. In some embodiments of the 
10 invention, tiie salt is of the formula Y*'[NH2R^Y» wherein 

Y^" is a basic form of an acid Y that contains at least one moiety selected from the group 
consisting of a primaiy amine moiety, a secondary amine moiety, a tertiary amine moiety, mi 
amide moiety, an imide moiety, a sulfamide moiely, a sulfimide moiety, and an amineimine 
15 moiety; and 

[NHaR^RY is an acidic form of a base NHR^R"* wherem: 

and are each independently selected from the group consisting of H and Ci^ alkyl, 

20 

or and R'^, together with the nitrogen atom to which they are attached, form a 5- to 10-member 
heterocyclic ring optionally substituted by one or more groups selected from Ci^ alkyl, Ca^ 
cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OCs^ cycloalkyl; and 

25 xisltoS. 

In some embodiments of the invention, Y is selected from the group consisting of straight, 
branched and cyclic molecules containing at least one moiety selected from the group consisting of an 
amide moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, and an antiineimme moiety. In 
30 some of these embodiments of the invention, Y'^* is a basic form of Y. la some of these embodiments 
of the invention, at least one of the at least one amide moiety, imide moiety, sulfamide moiety, 
sulfimide moiety, or amineimine moiety is ionized to the corresponding anionic form. 

In some embodiments of the invention, Y is selected from the group consisting of amphoteric 
35 molecules containing at least one moiety selected from the group consisting of a primary amine moiety, 
a secondary amine moiety, and a tertiary amine moiety, and at least one moiety selected from the group 
consisting of COOH and SO3H. In some of these embodiments of the invention, Y*" is an anionic form 
of the amphoteric molecule. In some of tiiese embodiments of the invention, at least one of the at least 
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one COOH and SO3H is ionized to the corresponding anionic form. In some embodiments of the 
invention, Y*' is of the fonnula [R^R^-A-COOr or [R^R^-A-SOaJ^ wherein: 



A is a bond, straight-chain or branched C1.20 aU;yl, strai^t-chain or branched C2.20 alkenyl, 
straight-chain or branched C2-20 alkynyl, C3.10 cycloalkyl, straight-chain or branched C4-C20 
alkylcycloallc/1, C4.10 cycloalkenyl, C4.10 cycloalkynyl^ or Ce-Cio aiyl, wherem each C1.20 alkyl, 
C2.20 alkenyl, C2.20 alkynyl, C3-10 cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 
cycloalkynyl or Ce-Cio aryl is optionally substituted with one or more groups selected from 
-COOH, -COH, -SCH3, -NH2, =NH, -NHC(=1SIH)NH2, -C(=0)NH2, -OH, 4.hydroxyphenyl, 
5-imidazolyl, 3-indolyl, halogen, -SO3H, =0, Ci^ alkyl, C3-8 cycloalkyl, C4-9 cg^cloalkylalkyl, 
phenyl, 4-mefhylphenyl, benzyl, -O-C3-8 <yclalkyl, -O-C3-8 cycloalkyl, -O-Q^ cycloallg^lallQ^l, 
-O-phenyl, -O-4-methylphenyl, -O-benzyl, -S02R^ or -NHR^ wherein R^ is H, alkyl, phenyl, 
4-methylphenyl, benzyl or •rNH2, and wherein each C1.20 alkyl, C2-20 alkenyl, C2-20 alkynyl, Cs^io 
cycloalkyl, C4-C20 alkylcycloallg^l, C4.10 cycloalkenyl, C4.10 cycloalkynyl or Ca-Cio aryl optionally 
contains one to three heteroatoms selected from N, O and S; 

R^ and R^ are each independently selected from the group consisting of H, straight-chain or 
branched C1.20 alkyl, straight-chain or branched C2.20 alkenyl, straight-chain or branched C2-20 
alkynyl, C3.10 cycloalkyl, straight-chain or branched C4-C20 alkylcycloalkyl, C4-10 cycloalkenyl, 
C4.10 cycloalkynyl, or Ce-Cio aryl, wherein each C1.20 alkyl, C2.20 alkenyl, C2-20 alkynyl, C^io 
cycloalkyl, C4-C20 alkylcycloalkyl, C4.10 cycloalkenyl, C4.10 cycloallsynyl or Ce-Cio aryl is 
optionally substituted with one or more groups selected from -.COOH, -COH, -SCH3, -NH2, =NH, 
-NHC(=NH)NH2, -C(=0)NH2, -OH, 4-hydroxyphenyl, 5-imidazolyl, 3-indolyl, halogen, -SO3H, 
=0, Ci-8 alkyl, Csji cycloalkyl, C4^ cycloalkylalkyl, phenyl, 4-methylphenyl, benzyl, -O-Cs^ 
cyclalkyl, -0-C3.« cycloalkyl, -0-C4^ cycloallQflalkyl, -O-phenyl, -O-4-methylphenyl, -0-ben2yl, 
-SOzR^ or -NHR^ wherein R^ is H, Ci-g alkyl, phenyl, 4-methylphenyl, benzyl or -NH2, and 
wherein each C1.20 alkyl, C2-20 alkenyl, C2-20 alkynyl, C3.10 cycloalkyl, C4-C20 alkylcycloalkyl, 
C4-10 cycloalkenyl, C4-10 cycloalkynyl or C^-Cio aryl optionally cx)ntains one to three heteroatoms 
selected from N, O and S; 

or R^ and A, together with the nitrogen atom to \sdiich they are attached, form a S- to 10-member 
heterocyclic ring or a S- to 1 0-member heteroaromatic ring in which the free electron pair of the 
nitrogen atom to which R^ and A is attached is not part of the aromatic pi-electron system, the 5- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected from Ci^ alkyl, C3-8 cycloalkyl, halogen, hydroxy, -OCi-6 alkyl or -OC3^ 
cycloalkyl; 

or R^ and R^, together with the nitrogen atom to which they.are attached, form a 5- to 10-member 
heterocyclic ring or a S- to 10-member heteroaromatic ring in which the free electron pair of the 
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nitrogen atom to which and A is attached is not part of the aromatic pi-electron system, the 5- 
to 10-member heterocyclic or heteroaromatic ring being optionally substituted by one or more 
groups selected from Ci^ alkyl, cycloalkyl, halogen, hydroxy, -OCi^ alkyl or -OCa^ 
cycloalkyl. 

5 

In other embodiments of the invention, the salt is of the form Y^"Z°^x/n, wherein Y*" is as defined 
above, and Tr is a cation other than a cation of the form [NH2R R ] as defined above, and n is a whole 
numb^ greater than zero. 

10 In otiber embodiments of the invention, the hypochlorite is mixed with a nitrogen containing 

compound which is not a salt but is a compound Y per se as defined above, provided that the compound 
Y is not sut&mic acid, melamine, cyanuric acid, hydantoin, diall^l hydantoin such as dimethyl 
hydantoin, biuret, succinamide, succinimide, creatine, or creaticiine. • . • - 

15 As will be explained hereinbelow, in some embodiments of the invention, in forming the biocide 

the hypochlorite and nitrogen-containing compound or salt thereof are also mixed with a bromide. 

In Fig. 1, reservoir 4 contains a solution of hypochlorite, and reservoir 6 contains a solution of the 
nitrogen-containing compound or salt thereof. In some embodiments of the invention, the solution 
20 contained in reservoir 6 also comprises bromide. 

As shown in Fig. 1, water is fed from a source 8, shown in Fig. 1 as a reservoir 8 from which 
water is pumped by pump 70, via a water pipe 10 through parallel flow meters 72 and into a 
corresponding pair of branch lines 12, 14, which connect to a mixer 21 which feeds common outlet pipe 
25 16 leading to medium 3 at the locations 2. A low-water flow switch 71 is operably connected to the 
flow indicator 72 of line 12. Outlet pipe 16 is equipped with a siphon breaker 86, and may also be 
equipped with a pH meter 47 to monitor the pH of the biocide. 

Pumps Pi and P2, which may be for example pusaltile pimips, peristaltic pumps, other types of 
30 pumps or Ifae equivalents of pumps (such as Venturis) as are known in the art, pump tiie hypochlorite 
and nitrogen-containing compound or salt thereof from reservoirs 4 and 6 respectively through lines 75 
and 73. respectively into lines 14 and 12 at junction pieces 82 and 80, respectively. These junction 
pieces may be, for example, simple T-connectors, or they may be designed to facilitate mixing of the 
solutions from reservoirs 4 and 6 with the water flowing through lines 14 and 12. Between reservoirs 6 
35 and 4 are calibration tubes 76 and 84 and valves 74. 

Thus, depending on the concentration of the components in reservoirs 4 and 6, the rate at which 
these components are pumped into lines 14 and 12 respectively, and the rate of flow of water through 
lines 12 and 14, the hypochlorite oxidant and nitrogen-containing compound or salt thereof may be 
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diluted and mixed in desired proportions. The reaction product, namely the biocide produced by the 
reaction of the hypochlorite and nitrogen-containing compound or salt thereof, may thus be applied 
directly jfrom outlet pipe 16 into the medium 3, within a brief time after the formation of flie biocide. In 
altemative embodiments of tiie invention (not shown), mixer 21 is replaced by a ingress chamber or a 
junction piece, in which case the dilutions mix and react as they flow through outlet pipe 16, so that by 
the time the fluid flowing through outlet pipe 16 is introduced into the liquid 3, the biocide has been 
produced In these altemative embodiments of the invention, outlet pipe 16 rath^ than mixer 21 
fiinctions as a mixing chamber. 

It will also be appreciated that although as depicted in Fig. 1, the solution of nitrogen-containiag 
compound or salt Ihereof is diluted prior to mixing with the hypochlorite oxidant dilution, in those 
embodiments of the invention in which bromide is not employed, this solution need not be diluted prior 
to mixing with the h>qpochlonte dilution. Irrespective, of whether the nitrogenKJontaining compound or- - 
salt thereof is diluted or not before mixing with the hypochlorite, the nitrogen-containing compound or 
salt thereof should be mixed with the hypochlorite oxidant in equimolar amounts or in a molar excess 
relative to the hypochlorite oxidant It will also be appreciated that in some embodiments, the 
concentration of hypochlorite immediately prior to mixing wilh Ihe nitrogen-containing compound or 
salt thereof does not exceed 24,000 ppm expressed as total chlorine, and that in some embodiments, the 
concentration of biocide prior to ^plication to the medium does not exceed 12,000 ppm expressed as 
total chlorine. 

Irrespective whether or not a mixer 21 is utilized, the flow through outlet pipe 16 should be 
sufficiently fast that the biocide does not have time to decompose prior to introduction into the medium 
3. In many embodiments of the invention, the time from which the diluted oxidant, nitrogen-containing 
compound or salt thereof, and if present, diluted bromide are mixed with each other to form the biocide 
until the biocide is injected from pipe 16 into medium 3 is three minutes or less. In some embodiments, 
Ihe time is two-and-a-half minutes or less, in some embodiments the time is two minutes or less, m 
some embodiments the time is one-and-a-half minutes or less, in some embodiments the time is one 
minute or less, and in some embodiments the time is 30 seconds or less. In other embodiments of the 
invention in which the biocide is stable for more than a few minutes, the biocide may be stored (e.g. in 
a reservoir, not shown) prior to ^plication to the medium. 

The two branch lines 12, 14 include control valves 22, 24, which enable the flow rate of the water 
through lines 12 and 14 to be controlled. 

The control of the foregoing valves and pumps may be done by a control system (not shown). 
Outlet line 16, therefore, may also include a. pH sensor 47 for sensing the pH-of the biocide, which may 
give feedback to the control system to enable control of biocide production in response thereto. The 
control system may control the supply of the water from source 8 via an electrical valve 48. The 
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^ apparatus may also be configured with alarms or other signalling devices, such as flow switch 71, 
which may give feedback to the control system. The illustrated system may furdier include a tim^ (not 
shown) which is pr&-settable to fix both the lengths of time for which the biocide is to be fed via Ifae 
outlet line 16 to the mediimi to be treated, as well as the time intervals between such feedings of the 
5 biocide. The control system may also be operative to control the operation of mixer 21. 

The water supply line 10 fi'om the water source .8 to the two branch lines 12, 14, may include 
additional control devices, such as a flow meter 58 for indicating the flow rate or flow volume. 

As indicated earlier, the solution in reservoir 4 comprises a hypochlorite oxidant, and Ifae solution 
within reservoir 6 comprises at least one nitrogen-containing compound or salt thereof and, in some 

* 

embodiments of the invention, bromide. When present, the bromide may be provided in any suitable 
form. In some embodiments of the invention, the bromide is provided as an . alkali or alkaline earth 
metal bromide salt, such as lithiimi bromide, sodium bromide, potassium bromide, calcium bromide, 
magnesium bromide or hydrobromic acid. 

The oxidant may be chosen fi'om alkali and alkaline eardi metal hypochlorites, e.g. lithium 
hypochlorite, sodium hypochlorite, potassium hypochlorite, calcium hypchlorite or magnesium 
hypochlorite. 
20 

In some embodiments of the invention, the biocide has a pH of at least 8.0 immediately prior to 
its application to medium 3. In some embodiments of the invention, the biocide has a pH of at least 9.S 
immediately prior to its application to medium 3. In some embodiments of the invention, the biocide 
has a pH of at least 10.0 immediately prior to its injection into medium 3. In some embodiments of the 
25 invention, the biocide has a pH of at least 10.5 immediately prior to its application to medium 3. In 
some embodiments of the invention, the biocide has a pH of at least 11.0 hnmediately prior to its 
application to medium 3. In some embodiments of the invention, the biocide has a pH of not more than 
1 1.5 immediately prior to its application to medium 3. In an embodiment of the invention, the biocide 
is applied at a rate to maintain in the biocide a stable pH of at least 8.0 as it is produced. 

30 

FIG. 2 is similar to FIG. 1, with like munbers denoting elements of the system of FIG. 2 which 
are the same as in the system of FIG. 1 and which operate in the same way. In FIG. 2, only a single 
. flow line 12 is used, and no mixer 21 is present. The solution fiom reservoir 4 is introduced into line 
12 upstream of where the solution firom reservoir 6 is introduced into Ifae flow line. Li this 
35 airangement, the dilution of the nitrogen-containing compound or salt thereof with or wi&out bromide, 
may form in the presence of the oxidant dilution, as long as the molar ratio of nitrogen-containing 
compound or salt thereof to hypochlorite oxidant is at least 1:1. The dilutions mix as they flow through 
line 12 and out through pipe 16, which as shown in Fig. 2 constitutes a continuation of line 12. 
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In variations of what is depicted in Fig. 1, bromide may be diluted and introduced into mixer 21 
separately from the nitrogen-containing compound. In variations of what is depicted in Fig. 2, bromide 
may be introduced to line 12 separately from the nitrogen-containing compound, provided that the 
bromide not introduced into line 12 upstream of wh^e the nitrogen-containing is introduced into line 
5 12. 

It will be appreciated that in embodiments of the invention shown herein, the hypochlorite 
oxidant is diluted prior to mixing with the nitrogen-containing compoimd or salt thereof. 

10 In the context of this patent application, the term ''effective'", when used in reference to a biocide, 

means that the biocide is capable of controlling microbial growth, as evidenced by the ability to kill at 
least 50% of the microorganism in a liquid test sample within 3 hours after administration, with a 
residual of biocide, expressed as total chlorine, .of at least 0.5 ppm. 

15 In the present application, the term "duty cycle" wiD be understood to mean the ratio between (a) 

&e amount of time a biocide is administered to the water to be treated and (b) the amount of time the 
biocide is not administered to the water to be treated. 

* It will also be appreciated that in the context of biofilm control, in embodiments of ihe invention 
20 it may not be necessary to kill microorganisms within the biofilm in order to control the biofilm, and 
that biofilm control in such cases can be adduced from direct observation of reduction of the presence 
of biofilm, or fix)m observation of^ for example, reduced production of ATP, reduced production of 
catalase, or other measurable variables which can be correlated with biofilm control or improved 
operational efficiency of the system being treated. 

25- 

The present invention will be better understood through the following illustrative and 
non-limitative examples of embodiments thereof. 
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. Experimental: 

SERIES 1 

General: Tests were conducted in an aqueous test system consisting in each instance of deionized (DQ 
5 water to which starch (-T.S g/1), calcium hydroxide (94 ppm), and sodium bicarbonate (1320 ppm) was 
added; pH was adjusted to 8.17 using hydrochloric acid. A suspension of microorganisms was 
prepared from a sample of pink slime removed from the surface of a paper machine. Microorganisms 
(MOs) were grown at 37^*0. 

10 As controls, in each test (a) biocide was added to DI water only, and (b) a sample of medium was left 
untreated by biocide. 

■ ^ In the foUowing ^examples, biocides in accordance with embodhnents of the present invention . were. • 
prepared by simulating production of the biocides as described above. An appropriate volume of the 
15 solution containing the biocide was added to each test container, taking into account the final desired 
concentration of the biocide after addition to the test container. The decomposition rate of the biocidal 
active ingredient was monitored in the examples below by measuring the residue of total chlorine in the 
concentrate. 

20 Example 1 : Oxidation Reduction Potential (ORP^ 

Using an OR? electrode (WTW), oxidation-reduction potentials were measured in accordance with G. 
Degramont, "Water Treatment Handbool^, Springer-Verlag, 1991, pp. 249-250, the contents of which 
are incorporated herein by reference. 

25 In this example, four tests were conducted: 

« 

Test 1: In accordance with U.S. Patent No. 6,478,972 ("Shim"X sodium sulfamate (14.62 g sulfamic 
acid dissolved in 100 ml DI water containing 7.2 g NaOH) and sodium hypochlorite (10.5% w/v 
expressed as CI2, conmiercial solution) were noixed (molar ratio of sulfamate to CI2 1.007:1) to produce 
30 what Shim terms a ^stabilized hypochlorite solution''. The resulting mixture was immediately added to 
each of the aqueous test systems, in defined volumes to maintain feed levels of 4.2, 8.4 and 12.6 ppm 
(expressed as total chlorine) respectively. 

Test 2: In accordance with Shim, sodium sulfamate (14.62 g sulfamic acid dissolved in 100 nil DI 
35 water containing 7.2 g NaOH) and sodium hypochlorite (10.5% w/v expressed as CI2, commercial 
solution) were mixed (molar ratio of sulfamate to CI2 1 .007: 1) to produce what Shim terms a "stabilized 
hypochlorite solution'*. Sodium bromide (15.5% w/v) (molar ratio of Br to CI2 1.014:1) was mixed 
into the ^'stabilized hypochlorite solution**. A slight color change was noted as soon as NaBr was added 
to the "stabilized hypochlorite concentrate**. An appropriate volume of the resulting mixture was 
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. immediately added to each of the aqueous test systems, in defined volumes to maintain feed levels of 
4^, 8.4 and 12.6 ppm (e5q)ressed as total chlorine) respectively. 

Test 3: In accordance with Shim, sodium sulfiamate (14.62 g sulfamic acid dissolved in 100 ml DI 
water) and sodium hypochlorite (10.5% w/v e3q)ressed as CI2, commercial solution) were mixed (molar 
ratio of sulfamic acid to CI2 1.007:1) to produce what Shim terms a "stabilized hypochlorite solution". 
Sodium bromide (15.5% w/v) was mixed into the "stabilized hypochlorite solution" (molar ratio of Bf 
to CI2 1.014:1) A significant color change was noted as soon as NaBr was added to the ''stabilized 
hypochlorite solution''. Tlie resulting mixture was immediately added to each of the aqueous test 
systems, in defined volumes to Tnaintain feed levels of 4.2, 8.4, and 12.6 ppm (expressed as total 
chlorine) respectively. 

Test 4: In accordance with Shim, sulfamic acid (14.62 g in-100 ml DI -water) and sodium hypochlorite 
(10.5% w/v expressed as CI2, commercial solution) were mixed. The mixture was immediately added 
to each of the aqueous test systems, in defined volumes to maintain feed levels of 4.2, 8.4 and 12.6 ppm 
(expressed as total chlorine) respectively. NaBr (15.5% w/v, molar ratio of Br to CI2 1.014 : 1) was 
simultaneously added separately to the aqueous system. 

In tests 2, 3 and 4, ORP was measured two hours after the biocide was added to the aqueous system. 
The results are presented in Table 1, where ppm refers to the biocide feed level, expressed as CI2: 



Table 1 





ORP (millivolts) 


Treatment 


test 4 


test 2 


tests 


8.4 ppm, DI only 


340 


405 


420 


4.2 ppm 


238 


310 


348 


8.4 ppm 


231 


294 


330 


12.6 ppm 


250 


284 


295 


0 ppm 


200 


200 


200 



The results in Table 1 show that Ihe order and mode of addition of the chemicals in the method of Shim 
is significant, as is the identity of the chemicals. 

Example 2: Residual Total Chlorine 

Residual total chlorine in Ihe aqueous system was measured 10 minutes and 24 hours after addition of 
biocide, using the DPD colorimetric method (see "Standard Methods for Examination of Waste and 
Waste Water", 17*^ Edition (1989), pp. 4-62 to 4-64, the contents of which are incorporated herein by 
reference). As is known in the art, the rate of degradation of an oxidizer in an aqueous system is 
system-specific, i.e. the degradation rate of a given oxidizer is reproducible in a given aqueous system. 

Test 4 is the same Test 4 conducted in Example 1. 
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Test 5: In accordance wifli an embodiment of the present invention, sodium sul&mate (14.62 g sulfamic 
acid dissolved in 100 ml DI water containing 12. g NaOH) was mixed with NaBr (15.5 g in 100 ml DI 
water) (sodium sulfamate and NaBr both equimolar to sodium hypochlorite) and diluted in DI water. 
5 Sodium hypochlorite (10.5% w/v, e3q>r6ssed as CI2) was diluted in DI water (to a concentration of 4200 
ppm, 0.42% w/v e}q)ressed as CI2, equimolar to sulfamate and to bromide ion). The two diluted 
solutions were mixed according to the procedure described above. The biocide was immediately added 
to the aqueous system at a feed level of 2.1, 4.2 and 6.3 ppm expressed as total chlorine. The results are 
presented in Table 2 (presented as total chlorine as percent of feed). 

10 

Table 2 



treatment 


Total CI2 (as % of feed) 




test 4-10 min 


test 4-24 hours 


test 5-10 min test 5-24 hours 


8.4 ppm. DI' - 


48.8 


63.6 - 




4.2 ppm, DI 






119.05 


107.1 


2.1 ppm 






42.86 


2.4 


4.2 ppm 


31 


19.05 


57.14 


50 


6.3 ppm 






71.4 


57.1 


8.4 ppm 


29.8 


27.4 






12.6 ppm 


39.7 


34.1 







'^'In the control seniles in which biocide treatment was 0 ppm, the total CI2 was 0 ppm after both 10 minutes and 
24 hours. 

15 These results show that biocide formed according to Shim et al. is different than biocide formed in 
accordance with an embodiment of the present invention. 

Example 3: Adenosine triphosphate f ATP^ concentration 

ATP levels serve as a measure for the biochemical activity of microorganisms, and as such serve as a 
20 good model for the viability of a microbial culture after it has been exposed to a biocide. Thus, in the 
aqueous system of Tests 4 and 5 described above, the concentration of ATP was measured 20 minutes 
after the addition of the biocide. The results are presented in Table 3 . 



Table 3 





test 4 


test 5 


treatment 


ATP (nq/ml) 


ATP (ng/ml) 


2.1 ppm 




0.58 


4.2ppm 


0.75 


0.53 


6.3 ppm 




0.44 


8.4 ppm 


0.7 




12.6 ppm 


0.56 




0 ppm 


0.61 


0.61 



The results presented in Table 3 show that after a contact time of 20 minutes, the biocide produced 
according to the procedure of Shim et al. (sodium hypochlorite stabilized with sulfamic acid added to 



wo 2005/067380 PCT/IL2005/000039 

49 

^ v/Bt&r to be treated, then NaBr added thereafter to the water to be treated) is less effective in controlling 
microbial activity than the biocide produced in accordance with an embodiment of the present invention 
fix>m sodium sul&mate, sodium bromide and sodium hypochlorite. This result is in accordance with 
the data presented by Shim, who states that antimicrobial efficacy of his product occurs only 24 hours 
or more after administration to the water to be treated. 

Example 4: Total aerobic counts 

General procedure for conducting viable count tests in this and other exanq>les, imless noted otherwise: 
10-fold serial dilutions of each of the following aqueous system test samples in sterile saline containing 
sodium thiosulfate were prepared 30 n[iinutes after the biocide was added to the aqueous systems; tiie 
resulting serially ten-fold diluted solutions were mixed in the appropriate agai^ colonies in the agar 
were coimted after 48 hours incubation at SO^C, and are presented as cfu/ml. 

Test 5 is the same test 5 conducted in Examples 2 and 3 above. 



Test 6: A biocide was prepared by dHuting a solution of sodium sulfamate (pr^ared firom 14.62 g 
sodium sulfamate in 100 ml DI water containing 7.2 g NaOH, 5850 ppm) in DI water to produce a 
dilution equunolar to 4200 ppm chlorine, diluting sodium hypochlorite in DI water (to a concentration 
of 4200 ppm, 0.42% w/v), mixing the two dilutions and immediately adding an appropriate volume of 
the mixture to the aqueous system to be treated, as described above. 

Samples for viable counts of aerobic MOs were taken after a contact time of 30 minutes. Results of 
Tests 5 and 6 are presented in Tables 4 and 4A. 



Table 4 



treatment 


Teste 


teste 


dosaqe.Ci2 


Aerobic cfu/ml 


aerobic cfu/ml 


2.1 ppm 


1.30 X 10^ 


e.ee x lo"* 


0 ppm 


1.30x10^ 


1.30x10* 


cfu — colony forming units 






Table 4A 




treatment 


Teste 


tests 


dosage, CI2 


aerobic cfu/ml (% kill) 


Aerobic cfu/ml (% kill) 


2.1 ppm 


0% 


55% 



The results in Tables 4 and 4A demonstrate that producing a biocide by first producing a dilute mixture 
of bromide and sul&mate, then mixing this mixture with dilute hypochlorite and injecting the product 
into tiie liquid to be treated, while ensuring that there is no excess oxidant (hypochlorite) during the 
production of the biocide, yields a more efBcacious biocide than does mbcing a dilute sulfamate with 
dilute hypochlorite and injecting the product into the liquid to be treated. 
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Example 5: viable counts in media containi ng high sugars 

Test 7: A biocide was prepared by dissolving guanidinimn sulfate in DI water (0.647 g guanidinium 
sulfete (MW 216.22) in 100 ml DI water), diluting sodium hypochlorite in DI water (to a concentration 
of 4200 ppm, 0.42% w/v expressed as CI2), mixing the two dilutions and immediately adding an 
^propriate volimie of the mixture to the aqueous system to be treated, as described above. 

Test 8: A biocide was prepared by mixing guanidinium sulfate (0.647 g) with NaBr (0.62 g, NaBr 
equimolar to sodium hypochlorite) in 100 ml DI watCT, diluting sodium hypochlorite in DI water (to a 
concentration of 4200 ppm, 0.42% w/v expressed as CI2), mixing the two dilutions and immediately 
adding an appropriate volume of the mixture to the aqueous system to be treated. The results are shown 
in Table 5, which shows the number of sugar-consuming colony forming units (cfii), and Table 5A, 
•which present the same data as % survival relative to the non-biocide treated control. 



Table 5 



treatment 


Test? 


tests 




Sugar cfu/ml 


sugar cfu/ml 


4.2 ppm, DI only 


0 


0 


2.1 ppm 


9.20x10^ 


3.30 xlO^ 


4.2 ppm 


9.80 X 10^ 


4.00 X 10 


6.3 ppm 


8.00x10 


5.00x10 


0 ppm 


1.06x10^ 


1.06x10^ 


Table 5 A 


treatment 


Test? 


test 8 




sugar cfu/ml % survival 


sugar cfu/ml %survjval 


2.1 ppm 


8.68 


3.11 


4.2 ppm 


9.25 


0.38 


6.3 ppm 


0.75 


0.42 


0 ppm 


100.00 


100.00 



The results in Tables 5 and SA demonstrate that under the conditions described, biocide produced by 
mixing guanidinium sul&te with dilute hypochlorite is less efGcacious than biocide produced by jBrst 
mixing guanidium sulfate and sodium bromide, and then mixing this mixture with dilute hypochlorite. 

Fvample 6: EfBciencv of production of the biocide 

Residual total chlorine was measured in all of the control tests (biocide in DI water) of Tests 1-6 
described above. The results are presented in Table 6. 
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Table 6 





%Cl2- 10 min 


%Cl2 - 20 Hours 


test 1 (Shim et al.) 


59.5 


54.8 


test 2 (Shim et al.) 


40.5 


26.2 


test 3 (Shim et al.) 


48.8 


38.1 


test 4 (Shim et al.) 


48.8 


54.9 


test 5 


119 


107.1 


teste 


88.1 


78.6 



The results in Table 6 show that the "stabilized hypochlorite'' and biocides produced in accordance with 
Shim et al. have a low initial residue compared to biocides formed in accordance with embodiments of 
the present invention. This demonstrates degradation of the biocide of Shim et al. during its 
production. In several instances the biocides produced by the method of Shim et al. also degrade faster 
during the first 20 hours after addition to tiie water to be treated. 

■ • » 

SERIES 2 

Reaction media were similar to the media described in Series 1 . 

Example 7: Comparison of Treatment of Aerobic and Anaerobic Bacteria Using Ammonium 
Carbamate and Ammonium Carbonate 

Biocides were prepared from sodium hypochlorite and either ammonium carbamate or ammonium 
carbonate in the presence and absence of sodium bromide, as described hereinbelow, and immediately 
added to the samples to be treated. The test .containers were inoculated with MOs 48 hours prior to 
addition of biocide. 

Anmionium carbonate solution was prepared in DI water (11.71 g ammoniimi carbonate in 100 ml DI 
water) and further diluted in DI water to a final concentration of 4680 ppm. Sodiimi hypochlorite was 
diluted in DI water (to a concentration of 4200 ppm, 0.42% w/v e?q)ressed as total chlorine). As 
described above, the dilutions were mixed to provide equimolar amounts of hypochlorite and 
ammonium carbonate to form a biocide (2100 ppm as total chlorine), appropriate volumes of which 
were immediately added to the test containers. 

In an analogous manner, ammonium carbamate was prepared in DI water (11.71 g ammonium 
carbamate in 100 ml DI water) and further diluted in DI water to a concentration of 4680 ppm, and 
mixed with a dilute solution of sodium hypochlorite (4200 ppm, 0.46% w/v caressed as total chlorine), 
and appropriate volumes of the resulting biocide (2100 ppm as total chlorine) were immediately added 
to the test containers. 

ATP was measured 25 minutes and 120 minutes after feeding the biocide. Residual total chlorine was 
measured 5 minutes after feeding the biocide, and samples for viable counts were taken after 30 
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The tests were repeated, this time with mixing of sodium bromide (6200 ppm) with the ammonium 
carbonate or ammonium carbamate prior to mixing with the sodium hypochlorite. 

Counts of ATP, total aerobic bacteria, growth on a high sugar growth medium, and killing of anaerobic 
bacteria were measured. The results are presented in Tables 7 A-7E. 



Table 7A: Comparison of ATP levels (ng/ml) measured after 25 min 



treatment 


Ammonium 
carbonate 


ammonium 
carbonate + NaBr 


ammonium 
carbamate 


Ammonium 
carbamate + NaBr 


1 .4 ppm 


25.87 




30.7 




2.8 ppm 


20 


17.2 


19.2 


13.5 


5.6 ppm 


8.8 


21.2 


10.13 


26.7 


8.4 ppm 


16 




6.7 




14 ppm 




2.6 


2.3 


3.33 


28 ppm 




1.59 




1.16 


Blank 


15.6 






40 


Table 7B: comparison of ATP levels (ng/ml) measured after 120 min — regrowth potential 


Treatment 


Ammonium 
carbonate 


ammonium 
carbonate +NaBr 


ammonium 
carbamate 


Ammonium 
carbamate + NaBr 


1.4 ppm 


89.3 




66.7 




2.8 ppm 


101.3 


109.3 


81.33 


117.33 


5.6 ppm 


41.3 


29.3 


23.3 


23.33 


8.4 ppm 


8.9 


• 


2.5 




14 ppm 


• 


1.43 


0.77 


1.05 


28 ppm 




0.47 




0.22 


Blank 


94.7 






110.7 


Table 7C: comparison of total aerobic bacteria count, cfti/ml after 30 min contact time 


Treatment 


ammonium 
carbonate 


ammonium 
carbonate -i- NaBr 


ammonium 
carbamate 


ammonium, 
carbamate + NaBr 


1 .4 ppm 


3.00x10® 




5.00x10^ 




2.8 ppm 


5.00x10^ 


2.70x10^ 


1.10x10^ 


2.40 X 10^ 


5.6 ppm 


5.00 X 10^ 


9.44 X 1 0® 


7.60x10® 


3.20 X 10® 


8,4 ppm 


4.00x10® 




6.60 xlO"^ 




14 ppm 




3.20x10^ 


3.60 xlO"^ 


2.80x10^ 


28 ppm 




4.40 xlO"^ 




4.16x1 0'* 


Blank 


4.80 X 10^ 


4.80x10^ 


4.60x10^ 


4.60 X 10^ 
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Table 7D: comparison of growth on a high sugar 
growth medium (cfii/ml), after 30 min contact time 



Treatment 


ammonium 


ammonium 


ammonium 


ammonium 




carbonate 


carbonate -t- NaBr 


carbamate 


carbamate + NaBr 


1 .4 ppm 


3.00x10^ 




3.00 X 10^ 




2.8 ppm 


3.00 X 10^ 


1.22x10* 


1.10x10^ 


4.00 X 10^ 


5.6 ppm 


3.00 x 10^ 


1.80x10^ 


1.00 X 10^ 


1.00x10^ 


8.4 ppm 


3.00 xlO"^ 




1.00x10^ 




14 ppm 




2.00 xlO^ 


1.00x10^ 


1.00x10^ 


28 ppm 




2.00x10^ 




2.00 X 10^ 


Blank 


5.00 x 10^ 






3.00 X 10® 


• 

• 


Table 7E: total anaerobic counts (cfu/ml), after 30 min contact time 


Treatment 


ammonium 


ammonium 


ammonium 


ammonium 




carbonate 


carbonate + NaBr 


carbamate 


carbamate + NaBr 


1 A ppm 


3.00x10^ 








2.8 ppm 


2.00x10^ 


1.00 xlO"* 


3.00x10^ 


1.00x10^ 


5.6 ppm 


5.00x10® 


2.10 xlO"^ 


3.40 xlO"* 


1.00 X 10^ 


8.4 ppm 


2.00x10^ 




3.00x10^ 




14 ppm 




1.00 X 10^ 


1.00 X 10^ 


2.00 X 10^ 


28 ppm 




1.00x10^ 


1.00x10^ 


1.00x10^ 


Blank 


3.00x10^ 






3.00x10^ 



5 

Example 8: Comparison of biocidal properties of biocides prepared fit)m ammoni um sulfamate. 
ammnnium s ulfate, sul feiriic flcid and aimn onium carbamate. 

Reaction medium: 4 liters DI water containing 200 ml cooked starch, 5.29 g NaHCOa, and 0.52 g CaO. 
10 The pH was adjusted with HCl to 8.23 . 

As described in earlier examples, biocides were prepared as follows: 

Test 9: Sul&mic acid solution (14.62 g sulfamic acid in 100 ml DI water) was diluted (4 ml of solution 
15 in 1 00 ml DI water) and NH3 (0.5 ml, 25% w/v in water) was added. Diluted NaOCl (4 ml of a solution 
containing 14% w/v NaOCl as CI2 were diluted in 100 ml DI water) was mixed with the diluted 
sulfamic acid. 

Test 10: Ammonium sulfate solution (19.8 g/100 ml DI water) was diluted (2 ml of solution/lOO ml DI 
20 water). NaOCl solution (14% w/v as CI2 in water) was diluted in DI water (4 ml of solution/1 00 ml), 
and mixed with the diluted ammonium sulfate solution. 

Test 11: Sulfamic acid solution (14.62 g/100 ml DI water) was diluted (4 ml solution/lOO ml DI water) 
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. and mixed with diluted NaOCl (4 ml of 14% w/v as CI2 NaOCl solution/100 ml DI water). 

Test 12: Ammonium carbamate solution (11.55 g/100 ml DI water) was diluted (4 ml solution/100 ml 
DI water) and mixed with diluted NaOCl (4 ml of 14% w/v as CI2 NaOCl solution/ 100 ml DI water). 



10 



In tests 9-12, an appropriate volume of the resulting biocide was immediately added to water containing 
MOs from pink slime, as desCTibed above, and the total residual chlorine in the treated water/medium 
was measured after 5 minutes and 12 hours. Results are presented in Tables 8A and 8B. 

Table 8A: Total residual chlorine after 5 minutes (ppm): 





5 min 


5 min 


5 min 


5 min 


feed as CI2 (ppm) 


HsNSOaNHd 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1 .4 (control - DI 
water only) 


1.4 


1.6 


0.9 


1.2 


1.4' 


0 


0 


0.3 


0 


2.8 


1.3 


0.9 


0:7 


0.2 


7 


4.9 


5 


4 


1.3 


14 


10.7 


8.1 


10.7 


10.2 



Table 8B: Total residual chlorine after 12 hours (ppm): 





12 hours 


12 hours 


12 hours 


12 hours 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1 .4 (control - DI 
water only) 


1.1 


1.1 


0.9 


• 

1.2 


1.4 


0 


0 


0.3 


0 


2.8 


0.1 


0 


0.3 


0.2 


7 


1.1 


1.2 


2.9 


1.3 


14 


4.1 


3.8 


9.2 


3.9 



The results in Tables 8A and 8B show that the biocides derived from sulfanuc acid and from 
15 ammonimn sulfamate were the most stable biocides aft^ 5 minutes. The biocide derived from sulfamic 
acid remained stable and exhibited hi^ residual total chlorine after 12 hours. 



ATP values for MOs growing on growth mediimi treated with the biocides produced in Tests 9-12 were 
obtained 30 minutes and 12 hours after addition of biocide to the growth medium. The results are 
20 shown in Tables 8C and 8D. 



Table 8C: ATP measured 20 minutes after feeding the biocide 





ATP-20 min 


ATP-20 min 


ATP-20 min 


ATP-20 min 


feed as CI2 (ppm) 


H2NSO3NH4 


{NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


25500 


24000 


31500 


39000 


2.8 


19500 


28500 


26000 


16500 


7 


9950 


16000 


• 26000 


14000 


14 


5200 


2850 


12000 


4500 


Blank 


24500 


20500 


37000 


29000 
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Table 8D: ATP measured 12 hours after feeding Ifae biocide Crlu) 





ATP-12 h 


ATP-12 h 


ATP-12 h 


ATP-12 h 


feed as CI2 (ppm) 


H2NSOaNH4 


rNH^)5S04 


H2NSO3H 


H2NCO2NK1 


1.4 


90000 


94500 


83000 


87500 


2.8 


8550 


6000 


76000 


3950 


7 


435 


460 


42000 


560 


14 


380 


390 


14500 


300 


blank 


87600 


90000 


95500 


95500 



Conclusions: at a feed level of 1.4 ppm, no control was achieved, and the MOs continued to grow. A 
feed level ot 2.8 ppm as total chlorine was ineffective for biocide formed from sulfamic acid, despite 
Ihe higher residual left in the process water. At 2.8 ppm, better control was achieved with ammonium 
sul&te compared to sodium sutfamate, and still better control with ammonium carbamate after 30 
minutes as well as after 12 hours. 

The test samples of Tests 9-12 were checked for viable counts of aerobic, anaerobic and high-sugar 
MOs (cfti/ml) after a contact time of 30 minutes. The results are presented iq Tables 8E-8G. 



Table 8E: Effect of biocides on growth of aerobic MOs, contact time 30 minutes 





aerobic MOs (cfu/ml), 30 minutes 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


1.29 X 10® 


1.40x10® 


1.08 X 10® 


9.70 X 10® 


2.8 


6.16x10^ 


6.40x10^ 


5.40 X 10® 


8.96 X 10® 


7 


4.00x10^ 


3.60x10^ 


8.08 X 10® 


5.84x10® 


14 


2.40x10^ 


1.80x10^ 


7.36x10® 


7.50 xlO"^ 


blank 


1.20 X 10® 


1.44x10® 


1.10x10® 


1.34x10® 



Table 8F: 

Effect of biocides on growth of anaerobic MOs, contact time 30 minutes 





Anaerobic MOs (cfu/ml). 30 minutes 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


1.50x10^ 


1.00x10^ 


2.50 X 10^ 


1.00x10^ 


2.8 


1.00x10^ 


1.00x10^ 


1.00x10^ 


1.00x10^ 


7 


1.00 X 10^ 


1.00x10^ 


2.00 X 10^ 


1.00x10^ 


14 


1.00x10^ 


1.00x10^ 


3.00x10^ 


1.00x10^ 


blank 


1.00x10^ 


1.00x10^ 


1.00x10^ 


1.00x10^ 


• 

Table 8G: 

Effect of biocides on growth of high-sugar MOs, contact time 30 minutes 




High sugar MOs (cfu/n^l). 30 min 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


6.24 xlO"* 


1.03x10® 


6.40x10^ 


1.79x10® 


2.8 


6.00x10^ 


4.00x10^ 


3.32x10^ 


2.00x10^ 


7 


1.00x10^ 


1.00x10^ 


8.72x10^ 


1.00x10^ 


14 


1.00x10'' 


1.00x10^ 


7.30 X 10^ 


1.00x10^ 


Blank 


1.20x10® 


1.10x10® 


7.00 xlO"* 


1.10x10® 



The results shown in Tables 8E-8G clearly show differences in viable counts after a contact time of 30 
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* minutes. The biocide produced from ammonium carbamate was superior to the other biocides tested in 
controlling aerobic MOs. 

SERIES 4 

Example 9: Comparison of biocidal properties of biocides prepared from different nitrogen-containing 
compounds or salts 

. Test medium A: SOD ml of contaminated clay suspension and 200 ml of cooked starch was mixed with 
5 liters of tap water and inoculated with biofilm removed from a paper mill surfrice area. 

Test medium B: 0.46 g sodium sulfide was added to 2 liters of the clay slurry of Test medium A, 

Due to the high turbidity of the samples, reliable measuremrat of residual total chlorine was not • 
possible. Qualitative measure of total chlorine confirmed that most of the biocide was consumed by 
this test medium. 

Samples for viable counts were removed after a contact time of 1 hour. 

As described above, biocides were prepared by mixing dilutions of the following with diluted sodium 
20 hypochlorite: 



Test 
No. 


species 


molar ratio to NaOCl 


13 


mixture of glycine and ammonium hydroxide 


1:1 


14 


ammonium sulfamate 


1:1 


15 


methyl carbamate 


1:1 


16 


N,N-dime1hyl ammonium NJ^-dimethyl carbamate 


1:1 


17 


ammonium carbamate + HCl (HCl was added to amTnonium carbamate 
prior to mixing with NaOCl, to ensure biocide production at a pH of 9.2) 


1:1 


18 


anunonium sulfate 


2:1 


19 


ammonium sulfate 


2:1 


20 


ammonium carbamate + HCl (HCl was added to ammonium carbamate 
prior to mixing with NaOCL to ^isure biocide production at a pH of 8.7) 


1:1 


21 


control 





The biocides formed were immediately added in appropriate volumes to the test samples and the 
concentrations of aerobic and anaerobic MOs measured- pH was measured at the time of application of 
25 the biocide and two days later. The concentrations at which biocides were ^plied and the results of 
biocide application to test medium A are presented in Table 9A; the concentrations at which biocides 
were applied and the results of biocide application to test medium B are presented in Table 9B. 
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Table 9A 



TEST 


Feed level 
(as CI2, ppm) 


aerobic 


anaerobic 


1 1 _l 

pH day 

1 


pH day 3 






1 1 n Y 1 n^ 


1 94 Y m"* 




7 




on 


1 1 n V 1 


1 rui Y in* 


7 71 


7 *ift 




i9 
1^ 


ft 1 0 Y 10^ 


9 nn Y 1 n** 


7 49 


7 'SR 




on 


^0 Y in^ 


a 9n Y in^ 


7 


7 *!IR 

# .WW 




1^ 


ft QO Y in^ 


ft nn Y in'* 


7 38 


7 AQ 


IOV.#D 


on 


ft 9n Y in^ 


0 fM V 1 n*^ 


7 '^R 


7 mF\ 

1 .WW 




1^ 


1 cn y in** 


9 nn Y in^ 


7 R*? 


7 A 




9n 


ft Rn Yin'* 


1 nn 


7 7*5 


7 '^7 

/.Or 




19 


D qn y in^ 


1 nn Y 1 n 

t .\J\J A 1 \J 


7 RR 


7 R1 




9n 


1 7n Y in* 


1 nn 


ft OA 


7 AA 


1 OOM 


19 


Q nn V in** 


fi ftn V 1 n** 


7 A1 


7 9^ 




9n 


0 Oft V in** 


1 AA V in** 


7 A*^ 


7 'i9 




19 


1 Qn Y in^ 


1 00 


7 4S 

f .*TW 


7 ^^9 


19CB 


20 


1.20x10'' 


2.00 X 10 


7.53 


7.27 


2GCA 


-12 


1.90x10'' 


2.00 X 10 


. 7.52 


7.29 


20CB 


20 


1.80 X 10° 


3.60 X lO'' 


7.78 


7.4 


21C 


0 


9.90 X 10° 


1.00x10'* 


7.44 


7.26 



Table 9B 



TEST 


Feed level (as 
CI2, ppm) 


aerobic 


anaerobic 


pH day 1 


pH day 3 


13SA 


20 


2.20 X 10° 


3.00x10'* 


8.18 


7.43 


13SB 


24 


1.60x10° 


3.00x10'' 


8.29 


7.35 


14SA 


20 


4.50x10^ 


1.70x10^ 


8.31 


7.66 


14SB 


24 


2.50x10'' 


2.60x10-* 


8.48 


7.46 


15SA 


32 


9.50 X 10^* 


3.00 X 10'' 


8.49 


7.63 


15SB 


36 


7.60 X lO'* 


3.00 xlO'' 


8.64 


8.47 


16SA 


32 


1.60 X 10° 


1.00 


8.29 


7.6 


16SB 


36 


1.50 X 10° 


1.00 


8.49 


7.57 


17SA 


32 


8.70x10^ 


1.00 


8.74 


8,68 


17SB 


36 


6.60 X lO*" 


1.00 


8.85 


8.82 


18SA 


20 


2.40 x 10° 


3.00 X lO'' 


8.01 


7.35 


18SB 


. 24 


1.40 X lO"* 


3.00x10" 


8.24 


7.58 


19SA 


32 


3.00x10^ 


1.00 


8.35 


8.36 


19SB 


36 


1.70x10"* 


1.00 


8.41 


8.48 


20SA 


32 


1.60 X lO'' 


1.00 


8.63 


8.6 


20SB 


36 


8.10 xlO** 


1.00 


8.67 


8.64 


21 S (control) 


0 


9.20x10° 


3.00x10" 


7.8 


7.37 



The results presented in Tables 9A and 9B show that in spite of the high demand for oxidizer in the 
media, and the trace residual chlorine measured using the given biocide feed levels, biocides produced 
from ammonium carbamate and ammonium sulfamate controlled the growth of MOs in the heavily 
infested samples. 
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Two test media were used : 

5 CLAY: 200 ml of clay suspension was added to 2 liters of tap water at pH 7.04. Test medium was 
inoculated with MOs from a paper mill. 

CLAY + ACID: 200 ml of clay suspension was added to 2 liters of tap water and the pH was reduced to 
6.12 by addition of HCl. Starch (100 ml cooked starch) was added. The test medium was not 
10 inoculated with external MOs. 

All test samples were fed with 20 ppm biocide as total chlorine. 

Example 10 

15 As described above, biocides were prepared by mixing dilutions of the following and dilute sodium 
hypochlorite: 



Test No. 


species 


molar ratio to NaOCl 


22 


Control — no biocide 




23 


ammonium carbamate 


1:1 


24 


ammonium sul&te 


1:1 


25 


ammonium carbonate 


1:1 


26 


ammonium carbamate + HCl (HCl added to reduce pH to 9.22) 


1:1 



Appropriate amounts of the biocides formed were immediately added to the test samples and aerobic 
and anaerobic viable counts were measured 60 minutes after ^plication. pH was measured at the time 
20 of application of the biocide and three days later. The concentrations at which biocides were applied 
and the results of biocide application are presented in Table 10. 



Table 10 



TEST 


conditions 


Cone, (as 
CI2. ppm) 


aerobic 


anaerobic 


pH day 1 


pH day 3 


22A 


clay + acid 


0 


5.00x10'' 


1.02x10* 


6.64 


Data not available 


22C 


clay 


0 


1.50x10' 


6.00x10'' 


7.4 


7.22 


23CB 


clay 


20 


3.00 X 10" 


2.12 X lO-* 


7.55 


7.82 


23AB 


day ■*■ acid 


20 


3.08 X 10' 


5.28x10" 


6.93 


7.06 


24CB 


clay 


20 


8.00 X 10° 


2.00x10- 


7.34 


7.16 


24AB 


clay + acid 


20 


2.80 X 10" 


8.56 X 10" 


6.6 


7.05 


25CB 


clay 


20 


3.00x10** 


1.84x10" 


7.41 


7.24 


25AB 


clay + acid 


20 


1.09x10** 


4.96x10" 


6.76 


7.03 


26CB 


clay 


20 


3.00 X 10' 


2.52 X 1 0" 


7.72 


7.34 


26AB 


clay + acid 


20 


5.40 X 10* 


1.60 X 10" 


6.88 


6.69 



« 
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Reaction media: 0.34 g of NajS were added to 2 liters of tap water containing 200 ml cooked starch 
sluiiy. Initial ORP: -263mv. As the starch was naturally inoculated, this test medium was not 
inoculated with an external culture of microorganisms. 



Example 1 1 

By analogy to Example 9, biocides were prepared using the following species and sodium hypochlorite 
in tibie following ratios: 



Test 
No. 


species 


molar ratio 
to NaOCl 


27 


ammoniimi carbonate 


1: 


1 


28 


ammomum cyanurate 


1: 


1 


29 


ammonium sul 


femate 


1: 


;1 


30 


anmionium carbamate 


1: 


:1 


31 


1:1 mixture of an 


omonium carbamate and carbamic acid (HCl added to low^ pH to 92) 


1: 


:1 


32 


ammonium bromide 


1: 


:1 


33 




immonium caxbamate 


2; 


:1 


34 


control 




Results, including total chlorine, are shown in Table 11: 

Table 11 


TEST 


Feed level (as 
CI2, ppm) 


total chlorine 
(ppm) 


aerobic 


anaerobic 


pH day 1 


pH day 3 


pH day 4 


27A 


47 


2.5 


8.80 X 10'' 


1.00 


8.94 


8.85 


7.67 


28A 


47 


0.9 


3.00x10** 


1.00 


8.88 


7.98 


7.5 


29A 


47 


1.2 


3.00x10*' 


1.00 


8.83 


7.99 


7.43 


30A 


47 


6 


5.12x10=' 


1.00 


9.12 


9.1 


8.19 


31A 


47 


1.5 


2.00 xlO** 


1.00 


8.94 


8.3 


7.55 


32A 


47 


2.4 


1.00 xlO*' 


1.00 


8.88 


8.79 


7.58 


33A 


47 


4.9 


1.50 xlO-" 


1.00 


9.1 


9.07 


8.71 


34A 


0 


0 


8.00x10** 


1.00 


8.51 


7.72 


7.45 



This experiment presents a special case of extremely high demand for an oxidizer exerted by the 
presence of a strong reducing agent (Na^S) and starch and degradation byproducts thereof which are 
produced by the heavy ntiicrobial population .that infests starch. Extreme conditions such as these may 
frequently be found in industrial and agricultural environments, such as soil, recycling processes, 
activated sludge and waste and the like. 

« 

Example 12 

Biocides were prepared by analogy to Example 9, but the biocides were applied to a clay slurry, as 
described in Example 1 0, and additional biocides were prepared in the same way but wherein NaBr 
(equimolar to hypochlorite and nitrogen-containing compound or salt thereof) was added to the 
nitrogen-containing compound or salt thereof prior to dilution and mixing with the hypochlorite 
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> dilution. Results are shown in Tables 12A and 12B. 



Table 12A 



TEST 


Cone, (as CI2, ppm) 


Aerobic 


anaerobic 


13CA 


12 


1.10x10° 


1.24x10" 


13CB 


20 


l.lOx 10=" 


1.04x10" 


14CA 


12 


8.10x10" 


2.00x10" 


14CB 


20 


3.30x10" 


8.20 x 1 0'' 


15CA 


12 


8.90 X 10" 


8.00x10" 


15CB 


20 


8.20x10' 


3.64x10" 


16CA 


12 


1.50x10° 


2.00x10 


16CB 


20 


8.60x10" 


1.00 


17CA 


12 


8.90x10" 


1.00x10 


17CB 


20 


1.70x10" 


1.00 


18CA 


12 


9.00 X 10" 


6.80 x 1 0" 


18CB 


20 


3.30x10" 


1.44x10" 


19CA 


12 


1.90 X 10" 


1.00 


19CB 


20 


1.20 X 10° 


2.00x10' 


20CA 


12 


1.90x10" 


2.00 x 10' 


20CB 


20 


1.80 X 10' 


3.60x10" 


21C 


0 


9.90 X 10" 





CA, CB = no NaBr added during biocide production 

5 

Table 12B 



TEST 


Cone, (as CI2, ppm) 


Aerobic 


anaerobic 


13CC 


20 


9.30x104 


8.96x10'' 


13CD 


28 


9.60 xlO'* 


1.04 X 10^ 


14CC 


20 


1.10x10° 


1.46 X 10"" 


14CD 


28 


9.00 xlO'' 


1.52x10" 


15CC 


20 


6.80x10^ 


8.00x10^ 


15CD 


28 


4.80x10'' 


2.72 X 10^ 


16CC 


20 


6.60 X lO'^ 


1.00 


16CD 


28 


3.80x10^ 


1.00 


17CC 


20 


5.00x10'' 


2.00x10 


17CD 


28 


1.50 X 10^* 


1.00 


18CC 


12 


3.90 X lO"* 


2.00 xlO*" 


18CD 


20 


1.30 xlO'^ 


6.40x10^ 


19CC 


20 


1.90 X lO'' 


2,00 X 10' 


19CD 


28 


6.90x10'' 


4.00x10' 


20CC 


20 


8.00x10** 


1.00x10" 


20CD 


28 


1.20 X 10^ 


1.00x10' 


21c 


0 


9.90X10° 





CC, CD = NaBr added during biocide production 
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Sir.1^TF.S 7 

Reduction of Na2S 



A series of containers each containing 100 ml DI water in which '-5 mg of sodium sulfide was 
dissolved were prepared. To each contains an appropriate amount of an oxidizer or a control solution 
was added as follows: 
a- 0.08gNaNO2 

b. ammonium carbamate. (1 10 mg) 

c. Monochloroamine (MCA) formed fi-om ammonium sulfate and NaOCl (1:1 molar 
mtio, each component pre-dlluted before mixing, 15 ppm as total chlorine). 

d. MCA formed from ammonium sulfate and NaOCl (1:1 molar ratio, each component 
pre-diluted before mixing, IS ppm as total chlorine) + ammonium carbamate (110 mg). 

e. Reaction product of ammonium carbamate and sodium hypochlorite (IS ppm as total 
chlorine) (1:1 molar ratio) +100 ppm ammonium carbamate 

f. Reaction product , of anunonium carbamate and sodium hypochlorite (15 ppm as total 
chlorine), molar ratio 2: 1 

g. Reaction product of ammonium carbamate and sodium hypochlorite (IS ppm as 
chlorine), molar ratio 1 : 1 

h. Reaction product of ammoniiun bromide and sodium hypochlorite (15 ppm as 
chlorine), molar ratio 1:1, + anunonium carbamate (100 mg). 

i. Reaction product of ammonium bromide and ammonium carbamate with sodium 
hypochlorite (15 ppm as chlorine), molar ratio 1:1:1 

Samples were analyzed for total sulfur and for sulfate several days afi^ addition of oxidizer.. The 
results are presented in Table 13: 



Table 13 



Test 


%S remaining 


%S04 formed 


A 


100 


0 


B 


19.6 


45.63 


C 


3.92 


37.1 


D 


<2 


24.7 


E 


2 


<16.9 


F 


3.9 


16.9 


G 


1.96 


13 


H 


17.6 


50.8 


1 


15.7 


24 



The results in Table 13 demonstrate that ammonium carbamate can remove sulfides, and that upon 
reaction with NaOCl or with mixtures containing chloramines, ammonium carbamate retains high 
efficacy in removing sulfides from the treated samples. 
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Reactions of Nitrogen-Containing Compounds 

Reaction media: 

SAND: 250 g sand was added to 2.5 I tap water containing 1 00 g contaminated starch. 
5 ASA: 150 ml CaCOa slurry and 20 ml Bayer size ASA (alkenyl succinic anhydride). The 

slurry was inoculated with pieces of slime from a paper mill. 1 ml OBA (Optical 
bri^tening agent, a Triazine derivative) was added to each 100 ml of the test 
solution. 

10 The following nitrogen-containing compounds or salts were tested: 

Test 35 = Dimethyl hydantoin (DMH) + NH4OH 

Test 36 = ammonium carbamate 

Test 37 ammonium sul£amate 

Test 3S = sulGamic acid 
15 Test 39 = glutamine 

Test 40 = ammonium chloride 

Test 41 = ammonium bromide 

Test 42 - blank 

20 Each nitrogen-containing compound or salt was mixed with diluted NaOCl, and the reaction product 
was added to the reaction container in the appropriate amount as soon as the biocide was prepared. 
Prior to addition to the reaction container, the biocide contained 4000 ppm as total chlorine. 

The results of tests in SAND (sand + starch) are presented in Table 14: 

25 



Table 14 



N-cont. 

cmpd. 


feed 
level 

(ppm) 


total chlorine 
10 min. 

(ppm) 


aerobic 

(cfu) 


anaerobic 

(cfu) 


GI2 after 

1 h (ppm) 


pH after three weeks 


40 


8 


3 


7.50 X 10"^ 


3.00x10 


4.3 


6.97 


40 


12 


6 


1.68 X 10"* 


4.00x10 


7.6 


6.89 


35 


8 


5.6 


1.84 XIO"^ 


1.00x10 


4.3 


6.84 


35 


12 


7.5 


8.80x10^ 


2.00x10 


6.8 


6.94 


36 


8 


4.9 


4.40x10^ 


6.00x10 


4.8 


6.9 


36 


12 


7.2 


6.00 X 10^ 


1.00x10 


6.8 


7.46 


37 


8 


6.6 


1.02x10^ 


5.00x10 


5.3 


6.9 


37 


12 


8.3 


7.00x10^ 


1.00x10 


.7.6 


6.88 


38 


8 


1.9 


2.00x10® 


1.00x10^ 


1.1 


5.15 


38 


12 


2.7 


1.50x10® 


6.00x10^ 


2 


5.79 


39 


8 


6.1 


3.00 X 10^ 


3-00x10^ 


1.9 


4.12 


39 


12 


8.4 


3.00 x 10^ 


3.00 X 10^ 


3.4 


4.07 


40 


8 


5 


1.07x10^ 


3.00x10 


4 


6.78 


40 


12 


8.5 


5.00x10^ 


2.00x10 


7.1 


6.84 


42 control 


0 


0 


1.15x10^ 


5.92 xlO"^ 


0 


4.25 
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The results of tests in ASA (CaCOs + ASA) are presented in Table 15: 



Table 15 



N-conL 

fmnri 

wl 1 l|JU« 


teeo 

ICVCl 

(dditi) 


total cnionne 

iOmin 

1 Wl 1 III l« 

(DDm) 


aerobic 
(cfu) 


anaerobic 
(Cfu) 


• after 
1h 


dH after three 

weeks 


40 


8 


5.3 


2.82 X 10^ 


1.00 


5.1 


7.53 


40 


12 


8 


9.52 X 10"* 


1.00x10 


8.2 


7.63 


35 


8 


4.9 


1.50 X 10^ 


1.00 


4.2 


7.6 


35 


12 


7.5 


8.16x10"^ 


1.00 X 10 


7.5 


7.67 


36 


8 


5.3 


1.00x10^ 


3.00 X 10 


4.5 


7.59 


36 


12 


6.3 


1.00 X 10^ 


1.00x10 


4.2 


7.62 


37 


8 


4.8 


1.50 X 10^ 


2.00 X 10 


4.7 


7.55 


37 


12 


8.2 


1.00x10® 


1.00x10 


8 


. 7.82 


38 


8 


1.1 


3.00 X 10® 


3.00x10^ 


1.2 


7.52 


38 


12 


1.1 


3.00x10® 


2.20x10^ 


2.3 


7.48 


39 


8 


5.3 


3.00 X 10® 


3.00 xlO"^ 


2.8 


7.41 


39 


12 


7.6 


3,00x10® , 


3.00x10"^ 


3.9 


7.39 


40 


8 


3.9 


1.50x10® 


2.00x10 


4.5 


8.24 


40 


12 


5.9 


3.20 X 10"^ 


1.00x10 


7.9 


8.16 


42 control 


0 


0 


5.84 X 10® 


1.60x10"* 


0 


8.23 



The results in Tables 14 and IS show that biocides derived from compounds containmg an amide 
moiety, an imide moiety, a sulfamide moiety, a sulfimide moiety, or an amineimine moiety have a high 
biocidal activity even und^ conditions not fevorable to oxidizing biocides. The efBcacy of these 
biocides is hi^er than the efiScacy exhibited by chloramines derived from inorganic salts. 

SERIES 9 

Procedure: 

Diluted procedure: Biocides w^re prepared from a solution of sodium hypochlorite (24,000 ppm as 
15 total chlorine) and an equal volume of a solution containing an equimolar amount of a 
nitrogen-containing compoimd or salt thereof. Final concentration of hypochlorite immediately prior to 
mixing was therefore expected to be 12,000 ppm. 

Concentrated procedure: Biocides were prepared from a solution of sodium hypochlorite (12,000 ppm 
20 as total chlorine) and a negligible volume of a concentrated solution (ammonium/DMEL 18% w/v; 
guanidium sul&te, 30% w/v; ammonium carbamate, 353% w/v; ammonium sul&mate, 26.1% w/v) 
containing an equimolar amount of a nitrogen-containing compound or salt thereof. Final concentration 
of h3^ochlorite immediately prior to mixing was therefore expected to be 12,000 ppm. 

25 Biocide pH, concentration and % were measured 20 minutes after mixing of the components. The 
results are shown in Table 16. 
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Table 16 



uornpounci/ssit 


moae OT 

aHHHirin 


DtoClue pn 


uiodue concenLraiion 
DDm rtu 


Diociae 70 yieiQ (relative to 

ni p!nnA^ 


DMH 


dil 


12 63 


7500 


61 5 


DMH 


cone 


12 65 


6000 


49 2 


Guanidine 


dil 


12.1 


12200 


100 


Guanidine 


cone. 


12.11 


11200 


91.8 


Carbamate 


dil. 


10.57 


11300 


92.6 


Carbannate 


cone. 


10.55 


9990 


81.9 


Sulfiamic 


dil. 


10.5 


3600 


29.5 


Sulfamic 


cone. 


11.19 


3900 


32 



Although Hie inventioii has been described in conjunction with specific embodiments thereoj^ it is 
evident that many alternatives, modifications and variations will be apparent to those skilled in the art. 
5 Accordingly, it is intended to embrace all such alternatives, modifications and variations that Ml within 
the spirit and broad scope of tiie appended claims. 



